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PREFACE 



This document describes the Processor used in the Hultics system* It is 
assumed that the reader is familiar with the overall modular organization of the 
Multics system and with the philosophy of asynchronous operation* In addition* 
this manual presents a thorough discussion of virtual memory addressing concepts 
including segmentation and paging* 



The manual is intended for use by system programmers responsible for 
writing software to interface with the special virtual memory hardware and with 
the fault and interrupt portions of the hardware* It should also prove valuable 
to programmers who must use machine instructions Ipart icul arly language 
vranslator implementorsl and to those persons responsible for analyzing crash 
conditions in System Dumps* 



c 197% Honeywell Information Systems* Inc. 
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SECTION I 



INTRODUCTION TO PROCESSOR 



The ^Processors described in this reference manual is a hardware module 
designed for use with the MULT io lexed Information and Computing Service 
(Hultics). The many distinctive features and functions of Hjltics are enhanced 
by the powerful hardware features of the Processor. The addressing features* in 
particular, are designed to permit the Hultics software to compute relative and 
absolute addresses* locate data and programs in different devices* and retrieve 
such data and program as necessary. 



MULTICS "E&flCESSQR/TEATURESa 



The Hultics Processor contains the following general features! 



J.» Storage protection to place access restrictions on specified segments. 

2. Capability to interrupt a process in execution in response to an 
external signal (e.g.* I/O termination) at the end of any even/odd 
instruction pair (mid-instruction interrupts are permitted for some 
instructions), to save Processor status* and to restore the status at 
a later time without loss of continuity of the process. 

3. Capability to fetch instruction pairs and to buffer two instructions 
(up to four instructions, depending on certain main store overlap 
conditions) including the one currently in execution. 

*»• Overlapping ~instruction*"execut ion3, address preparation* and 
instruction fetch. While an instruction is being executed, address 
preparation for the next operand (or even the operand following it) or 
the next instruction pair is taking place. The operations unit can be 
executing instruction n; instruction N+l can be buffered in the 
operations unit (with its operand buffered in a main store port); and 
the control unit can be executing instructions N+2 or N+3 (if such 
execution does not involve the main store port or registers of 
instructions N or N*l) * or preparing the address to fetch instructions 
N+Jf and N+5. 



5. Capability to detect main store instructions that alter the contents 
of buffered instructions. Ability to delay preprocessing of an 
address using register modification if the instruction currently in 
■execution changes the register to be used in that modification. 

6. Interlacing capability to direct main store accesses to the proper 
system controller module. 

7. Intermediate storage of address and control information in high-speed 
registers addressable by content (Associative Hemo~y). 
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8. Intermediate storage of base address and control information in 
pointer registers which are loaded by the executing program* 

9. Absolute address computation at execution time. 



SPECIAL CAP A BILITIES 



The Processor also includes several unique capabilties, such as hardware 
implemented segmentation and paging* address modf icati on, address appending, and 
detection of faults and external interrupts. These features are summarized in 
this section and described in detail respectively in Sections V. VI. and VII* 



~Sgqmentatlpn"and~PaqiDaa 



A segment is a collection of data or instructions that is assigned a 
symbolic name and addressed symbolically by the user. Paging is at the 
discretion of the software; the user need not be aware of the existence of 
pages. User visible address preparation is concerned with the calculation of a 
segment effective address relative to the origin of the segment; the Processor 
hardware completes address preparation by translating the final segment 
effective address into an absolute main store address. The jser may view each 
of his segments as residing in an independent main store unit. Each segment has 
its own origin which can be addressed as location zero. The size of each 
segment varies without affecting the addressing of the other segments. Each 
segment can be addressed like a conventional main store image starting at 
location zero. Maximum "segment's! ze a is 262,1<»<» words. 



When viewed from the Processor , main store consists of blocks or pages, 
each of which is defined as "page-size" words in length. {The page size used by 
Hultics is 102k words.) Each page begins at an absolute address which is zero 
modulo the page size. Any page of a segment can be placed in any available main 
store block. These pages may be addressed as if they we~e contiguous even 
though they are in widely scattered absolute locations. Only currently 
referenced pages need be in main store. If a segment is not paged, the complete 
segment is located in contiguous blocks of main store. In the current Hultics 
implementation, all user segments are paged. 



Address Modification and Address Appending 



Prior to each main store access, two major phases of address preparation 
take placet 



1. **Address"*modif icationa by Register or Indirect Word content. if 



specified by the Instruction Word or Indirect Word. 

2. "Address*" appendi nga, in which a segment effective address'is 
translated into an absolute address'to access main store. 



Although the above two types of modification are combined in most 
operations, they are described separately in Sections V and VI. The address 
modification procedure can go on indefinitely, with one type of modification 
leading to repetitions of the same type or to other types of modification prior 
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to a main store access for an operand. However, to simplify the descriptions in 
this manual, each type of address modification is described as if it Here the 
first (and usually the only) modification prior to a main store access. 



EauHs and Interrupts 

The Processor detects certain illegal procedures? fault/ communication with 
the main store; programmed faults; certain external events, and arithmetic 
faults. Many of the Processor fault conditions are deliberately or 
inadvertently caused by the software and do not necessarily involve error 
conditions. 



Similarly, the Processor communicates with the other system modules by 
setting and answering external interrupts. When a fault or interrupt is 
recognized, a trap results. This causes the forced execution of a pair of 
instructions in a main store location, unique to the fault or interrupt. Known 
as the fault or interrupt vector. The first of the forced instructions may 
cause safe storage of the Processor status. The second instruction in a fault 
vector should be a transfer, or the faulting program will be resumed without the 
fault having been processed. ~Faul ts""and~interrupts3 are described in Section 
VII. 



Interrupts and certain low priority faults are recognized only at specific 
times during the execution of an instruction pair. If, at these times, the 
Processor detects the presence of bit 2ft in the Instruction Word, the trap is 
inhibited and program execution continues. The interrupt or fault signal is 
save*d for future recognition and is reset only when the trap occurs. 



PROCESSOR HOPES OF OPERATION 



There are three "modes of main store addressings (Absolute Mode, Apoend 
Mode, and BAR Mode), and two modes of instruction execution (Normal Mode and 
Privileged Mode). These modes of operation and the functions performed are 
summarized in Table 1-1. 



Instruction Hades 



NORMAL MODE 



Most instructions can be executed in the ~Normal~Modea of operation. 
Certain instructions, classed as privileged, cannot be executed in Normal Mode. 
These are Identified in the individual instruction descriptions. An attempt to 
execute privileged instructions while in the Normal Mode results in an Illegal 
Procedure Fault. In the Normal Mode, various restrictions are indicated in 
Segment Descriptor Words and Page Table Words, which are explained in Section V. 
Address Preparation uses the appending phase. The Processor executes in Normal 
Mode when the access bits of the Segment Descriptor Word specify a nonpri vi I eged 
procedure. 
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PRIVILEGED MODE 



In Privileged Mode* all instructions can be executed. Address Preparation 
uses the appending phase* The Processor executes in "Pri vi I eged'Moded when the 
access bits of the Segment Descriptor Word specify a privileged procedure and 

the execution ring is equal to zero. Refer to Sections V and VIII for 

detailed information* 



more 



ABSOLUTE MODE 

All instructions can be executed in the ~Absolute~Modea and unrestricted 
access is permitted to privileged hardware features. Address Preparation for 
instruction fetches does not use the appending phase. During instruction 
fetches* the Procedure Pointer Register is ignored. 

The Processor enters Absolute Mode immediately after a fault or interrupt 
and remains in Absolute Mode until it executes a transfer instruction whose 
operand is obtained via explicit use of the appending mechanism* that is* via 
explicit reference to one of the Pointer Register by the jse of bit 29 of the 
Instruction Word (See Append Mode below) • 



APPEND MODE 



The ~Append~Modea is the most commonly used main store addressing mode* 
In this mode the final effective segment address is either added to the 
Procedure Pointer Register* or it is added to one of the eight Pointer 
Registers. If bit 29 of the Instruction Word contains a 0* then the Procedure 
Pointer Register is selected; otherwise* the Pointer Register given by bits 0-2 
of the instruction word is selected. 



BAR MODE 



In ~BAR~(8ase~Address~RegiSter)~Modea* the 16-bit BAR is used. The 8AR 
contains a 0 modulo 512 address bound in bit positions 9-17 and a 0 modulo 512 
base address in bit positions 0-8* All addresses are relocated by adding the 
effective segment address to the base address in bits 0-8. The relocated 
address then becomes the final segment effective address as in Append Mode and 
Is added to the Procedure Pointer Register. A process is Kept within certain 
main store limits by subtracting the unrelocated effective address from the 



address bcund in bits 9-17. If the result is zero or negative* the relocated 
address would be out of range* and a Store Fault occurs. 
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Table 1-1. Modes of Operation 



FUNCTIONS 



NORMAL ERIVILEGED ABSOLUTE 



Execute privileged 
instructions* 



No 



Yes 



Yes 



No 



Main store address for 
instruction fetch. 



Append Append 



Absolute 



Procedure Pointer 
Register plus BAR 
base address. 



Main store address for 
for operand fetch. 



Append Append 



Append if bit Procedure Pointer 
29 = 1* else Register plus BAR 
Absolute. base address. 



Restriction of access 
to other segments. 



Soae Some 



None 



Total 



PROCESSOR UNIT FUhCTIQNS 

*MaJor functions of each principal logic element are listed below and are 
described in subsequent sections of this manual. 



"Append in<a"Unita 

Controls data input/output to main store. 
Performs main store selection and interlace. 
Does address appending. 
Controls fault recognition. 

~AssQCiarive~HemprY*AsaftffltfcL*a 



This assembly consists of sixteen 72-bit Page Table Word Associative Memory 
*• <PT WAM ) "regi stersa and sixteen 108-bit Segment Descriptor Word Associative 
Memory """(SDWAM) "register si These registers are used to hold pointers to most 



recently used segments (SOWS) and pages (PTWs). This unit ooviates the need for 
possible multiple main store accesses before obtaining an absolute main store 
address of an operand. 
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"Contro I ~Uni fa 

Performs all Processor control functions. 
Performs address modification. 

Controls mode of operation (Privileged, Normal, etc.). 
Performs interrupt recognition. 
Decodes Instruction Words and Indirect Words. 
Performs Tinier Register loading and decrementing. 

"Qperat ipn"Uni.ta 

Ooes fixed and f loafing binary arithmetic. 
Does shifting and Boolean operations. 

Does decimal arithmetic. 

Ooes character- and bl t-string operations. 
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SECTION II 



MACHINE INSTRUCTIONS 



This section describes the comprehensive set of "machine'instructionsa for the 
Multics Processor* The presentation assumes that the reader is familiar with 
the general structure of the Processor, the representation of information* the 
data formats* and the method of address preparation. Additional information on 
these subjects appears near the beginning of this section and in Sections III 
through VI. 



INSTRUCTION REPERTOIRE, 



The Processor interprets a 10 bit field of the Instruction Word as the 
Operation Code. This field size yields an instruction universe of/1021* of which 
5t*7 are implemented. The instruction population is divided into <»56 Basic 
Operations and 91 Extended Instruction Set CEIS) Operations. 



Arranqment of. Instructions 



Instructions in this section are presented alphabetically by their mnemonic 
codes within functional categories. However* an overall alphabetic listing of 
instruction codes and their names appears in Appendix 3 to aid the user in 
locating specific instructions via that code. 



Basic Operations 



The i»56 *"basic"operat ionsfl in the Processor all require exactly one 36-blt 

machine word and are further subdivided into the following t/pest 

181 Fixed Point Binary Arithmetic 75 Pointer Register 

85 Boolean Operations 17 Mi see 1 1 aneojs 

3<» Floating Point Binary Arithmetic 28 Privileged 
36 Transfer of Control 



Extended Instruct ioo-Set (EIS) Operations 



The 91 **Extended"'Instruction - 'Set""CEIS)"*Operati onsB are futher subdivided 
into 62 EIS Single-Word Instructions and 29 EIS Multi-Word Instructions* 
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EIS SINGLE-WORD OPERATIONS 



The 62 ~ElS~Sing le-Word~Ins truct ionsa load* store* and perform special 
arithmetic on the Address Registers lARn) used to access bit- and 
charactei — string operands* and safe-store Decimal Unit (DU) control information 
required to service a Processor fault. Like the Basic Operations* EIS 
Single-Word Instructions require exactly one 36 bit Machine Word. 



EIS MULTI-WORD OPERATIONS 



The 29 ~EIS~Mul t i-Word~Instruc tionsa perform Decimal A-ithmetic and bit- 
and character-string operations. They require 3 or k 36-bit Machine Words 
depending on individual Operand Descriptor requirements. 



-UNSTRUCTIQUa DESCRIPTION 



Each instruction in the repertoire is described in the following pases 
this section. The descriptions are presented in the format shown below* 



of 



MNEMONIC 



INSTRUCTION NAME 



OP CODE (OCTAL) 



*FORMATI 



Figure or Figure reference 



SUMMARY S 



Text and/or bit transfer equations 



MODIFICATIONS: Text 



INDICATORS! 



Text and/or logic statements 



NOTES* 



Text 



Line H MN EMONIC. INST RUCT ION NAME « C 



This line has three parts that contain the fol lowing* 



1. Mnemonic — The "mnemon ic""code3 for the Operation field of the 



assembler statement. The Multics assembler* flLM, recognizes this 
value and maps it into the appropriate binary pattern when generating 
the actual object code. 



Instruction Name — The 
Mnemonic was derived. 



name of the machine instruction from which the 



3. Op Code (Octal) — The octal value of the operation code for the 
instruction. A zero or a one in parentheses following an octal code 
indicates whether bit 27 (Op Code extension bit) of the instruction 
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word is OFF or ON. 



Line 2« FORMAT 

The layout and definition of the subfields of the instruction word or words 
is given here either as a Figure or as a reference to a Figure* 



Line 3: SUMMARY 

The change in the state of the processor affected by the execution of the 
instruction is described in a short and generally symbolic farm. If reference 
is made to the state of an indicator in the SUMMARY » it is the state of the 
indicator before the instruction is executed. 



Line t*t MO DIFIC ATIONS 

Those modifiers that cannot be used with the instruction are listed 
explicitly as exceptions either because they are not permitted or because their 
effect cannot be predicted from the general address modification procedure. 
(See "Effective Address Formation" in Section VI*} 



Line St IN DICATORS 

Only those indicators are listed whose state can be changed by the 
execution of the instruction. In most cases* a condition for setting ON as well 

as one for setting OFF is stated. If only one of the two is stated* then the 

indicator remains unchanged if the condition is not vet. Unless stated 

otherwise* the conditions refer to the contents of registers existing after 

instruction execution. Refer also to "Common Attributes of Instructions", later 
in this section* 



Line 6» MIES 

This part of the description exists only in those cases where the SUMMARY 
is not sufficient for in depth understanding of the operation. 
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DEFINITIONS Q F ~N QT4T IftfrANP*SYHBQLSa 



• Main-Store " A ddresses a 



Y-pair 



the 18 low order bits of the final 2<» bit main store 
address of the instruction operand after all address 
preparation is complete. 

a symbol denoting that Y designates a pair of main store 
locations with successive addresses* the smaller address 
being even* When the main store address is even* it 
designates the pair Yteven). Y*l? and when it is odd* 
the pair Y-l* Y(odd). The main store location with the 
smaller (even) address contains the most significant 
part of a double-word operand or the first of a pair of 
instructions. 



Y-blockQ 



Y- char oh. 



a symbol denoting that Y designates a block of main 
store locations of *►-» 8-, or 16-word extent* For a 
block of Q-word extent* the Processor assumes that 
Y-blockQ is a 0 modulo q address and performs address 
incrementing through the block accordingly* stopoing 
when the address next reaches a valje 0 modulo o* Note 
the difference between Y-block addressing and Y-pair 
addressing that forces the address to be 0 modulo 2. 

a symbol denoting that Y designates a character or 
string of characters in main store of character size q 
bits as described by the feth Operand Descriptor, q is 
specified by the data type field of Operand Descriptor & 
and may have values *»* 6* or 9. See Section VI* 
Effective Address Formation* for details of Operand 
Descriptors. 



Y-bitJs 



a symbol denoting that Y designates a bit or string of 
bits in main store as described by the &th Operand 
Descriptor. See Section VI* Effective Address 
Formation* for details of Operand Descriptors. 



~ Index~Values a 

When reference Is made to the elements of a string of characters or bits in 
main store* the notation shown in Register Position and Contents below is used. 
The index used to show traversing a string of extent n, may take any of the 
values in the interval (1»q) unless noted otherwise. The elements of a main 
store block are traversed explicitly by using the index as an addend to the 
given block address* e.g* Y-block8*n and Y-bl ock<t*2m*l. 



o ns-and-Svmbol s ol 



A 

ARn 

AQ 
BAR 



Accumulator Register 

Address Register n (n - 0* 1* 2* •••* 7) 
(consists of: PRn. W0RDN01I PRn. CHARM PRn. BITNO) 
Combined Accuirulatoi — Quotient Register 
Base Address Register 
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CO 


"Contents of" 


CA 


Computed Address 


OSBR 


Descriptor Segment Base Register 


DSBR.ADDR 


Descriptor Segment Base Address Register of OSBR 


DSBR.BND 


Descriptor Segment Bound Reister of DSBR 


OSBR. STACK 


Stack Base Register of OSBR 


DSBR.U 


Unpaged Flag of DSBR 


E 


Exponent Register 


EA 


Combined Exponent and Accumulator Registers 


EAQ 


Combined Exponent -Accumu 1 atoi — Quoti ent Register 


ERN 


Effective Ring Number 


ESN 


Effective Segment Number 


IC 


Instruction Counter 


IR 


Indicator Register 


PPR 


Procedure Pointer Register 


PPR.PRR 


Procedure Ring Register of PPR 


PPR.PSR . 


Procedure Segment Register of PPR 


PPR.IC 


Instruction Counter Register of PPR 


PPR.P 


Privilege Flag of PPR 


PRn 


Pointer Register n (n = 0, It 2, •••• 7) 


PRn.RNR 


Ring Number Register of PRn 


PRn.SNR 


Segment Number Register of PRn 


PRn.WORDNO 


Word Address Register of PRn 


PRn. CHAR 


Character Address Register of PRn 


PRn.BITNO 


Bit Offset Register of PRn 


Q 


Quotient Register 


PTWAM 


Page Table Word Associative Memory 


SOW AH 


Segment Oesriptor Word Associative Memorr 


RALR 


Ring Alarm Register 


TPR 


Temporary Pointer Register 


TPR.CA 


Computed Address Register of TPR 


TPR.TRR 


Temporary Ring Register of TPR 


TPR.TSR 


Temporary Segment Register of TPR 


TPR.TBR 


Temporary Bit Register of TPR 


TR 


Timer Register 


Xn 


Index Register n (n = 0, 1, 2, •••* 7) 


Z 


Temporary pseudo-result of a nonstore comparative operation 



Register Ppsitlons and-Cpntents 

("R" standing for any of the registers listed above as well as for main 
store words, word-pairs* word-blocks, and character strings* 



Ri the ith bit position of R - 

RCi) the ith register of a set of n registers, R 

Ri,J the bit positions i through J of R 

CCR) the contents of the full register R 

• 

CIR)i the contents of the ith bit or character of R 

C(R}i*l the contents of the bits or characters i through J of R 

xx«««x a string of binary bits (0*s or l"s) of any necessary length 
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When the description of an instruction specifies a 
register or main store location, it is understood that 
or main store location not mentioned remains unchanged* 



change for a part of a 
the oart of the register 



~ Other~SyfPfc>oI s a 



-> replaces 

tt compare with 

I the Boolean connective ANO 

1 the Boolean connective OR 

• the Boolean connective NON-EQUIVALENCE for EXCLUSIVE OR) 
the Boolean unary NOT operator 

* not equal 

n»*m indicates exponentiation (n and m are integers) • for 

example* the fifth power of 2 is represented as 2**5* 

x multiplication; for example. C(Y) times Z ( Q) is represented 

as C(Y) x CIQ). 

/ division; for example* CIY) divided by C(A) is represented 

as C(Y) / C(A). 

St concatenation? for example* str ingl II string?* 

!•••! the absolute value of the value between vertical bars (no 

algebraic sign). For example the absolute value of CIA) plus 
C(Y> is represented as* ICIA) + C(Y)1* 



COMMON ATTRIBUTES QF IHSTRUCTIQNS 

Illegal Modification 

If an ~i 1 I egal"*modi f ierfl is used with any instruction, an Illegal Procedure 
Fault with a subcode class of Illegal Modifier occurs* 

par ity Indicator 



The Parity Indicator is turned ON at the end of a main store access which 
has incorrect parity* 
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INSTPUqHQN-MQftD'FPRHATsa 



aa&i&-aod-EIS Sinqle-aacd-lnstructiQQS 



The """Basic"* Instruct ions a and ~EIS"*Sing I e- Word** Instruct ionsa require exactly 
one 36 bit Machine Word and are interpreted according to the format shown in 
Figure 2-1 below. 



0 11 2223 3 

Q £-3 I_1_SLJ 5_ 

I 1 till 

1 ADDRESS 1 OPCODE 1 1 1 At TAG I 

1 '. I L-JLJ L 

16 10 1 1 6 

Figure 2-1 Basic and EIS Single-Word Instruction Format 

ADDRESS The given address ot the Operand or Indirect Word, This 

address may bet 



An 18 bit main store address if * = 0 (Absolute Mode 
only) 

An 18 bit offset to the Base Address Register if A = 0 
(BAR Mode only) 

An 18 bit offset relative to the base of the current 
procedure segment if A = 0 (Appending Mode only) 

A 3 bit Pointer Register number (q) and a 15 bit offset 
to C(PRn.WORDNO) if A - 1 (Absolute and Appending Modes 
only) 

A 3 bit Address Register number (n> and a 15 bit offset 
to C(ARq) if ft = 1 (All modes depending on instruction 
type) 

An 18 bit literal signed or unsigned constant (All 
modes depending on instruction type and Modifier) 

An 8 bi t Shift Operation count (All modes) 

An 18 offset to the current value of the Instruction 
Counter C(PRR.IC) (All modes) 



OPCOOE Instruction operation code* 



I Program Interrupt inhibit bit. When this bit is set. the 

Processor Mill ignore all external Program Interrupt 
signals. See Section VII* Faults and Interrupts* for 
detai Is. 
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A 



Indirect via pointer register flag. See Section Vlt 
Effective Address Formation t for details on the use of 
Pointer Registers. 



TAG 



Instruction address modifier. See Section Vlt Effective 
Address Formation* for details on Address Modification. 



Certain of the Basic and EIS Single-Word Instructions permit indirection to 
be specified as part of Address Modification. When such indirection is 
specif iedi C(Y.) is interpreted as an ~Ind ir ec t~Wordfl according to the forrat 
shown in Figure 2-2 oelow. 



0 11 2 3 3 

_Q ; i_a a_n s_ 

] iii 

1 ADDRESS I TALLY I TAG I 

J J » 1 

18 12 6 



Figure 2-2 Indirect Word Format 



ADDRESS The given address of the Operand or next Indirect Word. 

This address may bet 

An 18 bit main store address if A - 0 in the 
Instruction Word (Absolute Mode only) 

An 18 bit offset relative to the Base Address Register 
(BAR) if A * 0 in the Instruction Word (BAR Mode only) 

An 18 bit offset relative to the base of the current 
procedure segment if ft = 0 (Appending Mode only) 

An 18 bit offset relative to the origin of the segment 
described by PRq if A = 1 in the Instruction Word and 
PRn is selected by the Instruction Word (Absolute and 
Appending Modes only} 

TALLY A count field for use by those Address Modifiers that 

invo I ve tally ing. 

TAG Next address modifier. 
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EIS_HulU-rHftrd, Instructions 



The ~EIS""Mul ti-Word'Instructionsa require 3 or i> Machine Words depending on 
the Operand Descriptor requirements of the individual instructions, the words 
are interpreted according to the format shown in Figure 2-3 oelow* 



0 

Q 






1 1 
7 8 




2 2 2 
. 7,6-9. 




3 
.5 




VARIABLE . 




1 
1 
1 


OPCODE 


1 t 
ill 
Si 


MF1 


1 
1 
1 




Operand Descriptor 


or 


16 

Indirect 


Pointer for 


10 1 
Operand 


1 


71 
1 
1 




Operand Descriptor 


or 


Indirect 


Pointer for 


Operand 


2 


1 
1 

.1 




Operand Descriptor 


or 


Indirect 


Pointer for 


Operand 


3 


1 
1 

1 



36 



Figure 2-3 EIS Multi-Word Instruction Format 



'VARIABLE 

OPCODE 
I 

MF1 



This field is interpreted variously according to the 
requirements of the individual EIS Instructions. Its 
interpretation is given under FORMAT for each EIS 
Instruction* The Modification Fields MF2 and HF3 are 
contained in this field if they are required. 



Instruction operation code a% for 
Single-Word Instructions. 



Basic 



and 



EIS 



Program Interrupt inhibit bit as for Basic and EIS 
Single-Word Instructions. 



Modification Field for Operand Descriptor 
Modification Fields (MF) below for details. 



1. 



See EIS 



i Fields IMF1 



Each of the Operand Descriptors following an EIS Multi-Word Instruct. on 
Word has a "Modi f icat ion""F ie I da in the Instruction Word. The Modification Fi«ld 



controls the interpretation of the Operand Descriptor. The Modification Field 
is interpreted according to the format shown in Figure 2-*». 
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0 0 Q 0 0 

J 1.L3 L_ 

lilt t 
iaiblcl REG I 

i_i_i_J . I 

111 k 

Figure 2-<» EIS Modification Field IMF) Format 



a AR Address Register flag. This flag controls interpretation 

of the ADORESS field of the Operand Descriptor Just as the 
"A- flag controls interpretation of the ADORESS field of 
the Basic and EIS Single-Word Instructions. 

b RL Register length control. If RL = 0* tien the Length (N) 

field of the Operand Descriptor coritaiis the length of the 
operand. It RL = It then the Length ( N) field of the 
Operand Descriptor contains a selector value specifying a 
register holding the operand length. 

c ID Indirect descriptor control. If ID = L for MFfc., then the 

bth word following the Instruction Word is an Indirect 
Pointer to the Operand Oescrptor for the fcth operand* 
otherwise v that word is the Operand Descriptor. 

REG The register number for R-type modification (if any) of 

ADDRESS of the Operand Descriptor. These modifications 
« are similar to R-type modifications for Basic Instructions 

and are summarized in Table 2-1 below. Illegal modifiers 
have the entry "IPR" and cause an Illegal Procedure Fault. 



Table 2-1 R-type Modifiers for REG Fields 



Meaning as ussA in 



Octal 






Indirect Operand 


CI Operand 


Cade 


R-tyce 


tt£.REG 


DescriDtor Painlac 


Descriotar)32»35. 


00 


N 


N 


N 


IPR 


01 


AU 


AU 


AU 


AU 


02 


QU 


QU 


QU 


/ QU 


03 


DU 


IP^(a) 


I PR 


IPR 


0i» 


IC 


ICCbl 


ICIb) 


IPR 


05 


AL 


A(c) 


AL 


A(c) 


06 


QL 


QCc) 


QL 


QIC) 


07 


OL 


I PR 


IPR 


IPR 



10 

11 

12 
13 

Ik 

15 
16 
17 



X0 
XI 
X2 
X3 

X«» 
X5 
X6 
X7 



xo 

XI 
X2 
X3 

X<* 
X5 
X6 
X7 



X0 
XI 
X2 
X3 

X*» 
X5 
X6 
X7 



X0 
XI 

X2 
X3 

XU 
X5 
X6 
X7 
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(a) The OU modifier is permitted only in the second Operand Descriptor of 
the SCOt SCDR, SCM, and SCMR instructions to soecify that the test 
characterls) reside(s) in bits 0-18 of the Operand Descriptor. 

(b) The IC modifier is permitted only in the REG field of Indirect 
Pointers and in MF3.REG for the SCO* SCDR, SCM, SCMR, MVT , TCT, and 
TCTR instructions, that is, the instructions that store summary 
results of a scan operation* C(IC) is always interpreted as a word 
offset. 

Cc) The limit of addressing extent of the processor is 2**18 - 1 words, 
that is, given any main store address, Y, a modifer may be employed to 
access a main store word anywhere in the range (Y - 2**18 * 1, 
Y ♦ 2**18 - 1), provided other address range contraints are not 
violated. Since it is desirable to address this same extent as words, 
characters, and bits it is necessary to provide a register with range 
greater than the 12 bits of N or the 18 bits of normal R-type 
modifiers. This is done by extending the range of the A and Q 
modifiers as follows... 

Hade. Range AiQ bits 

9-bit 20 16,35 

6-bit 21 15,35 

*»-bit 21 15,35 

bit 2% 12,35 

The unused high order bits are ignored. 



FTS Oneranri Descriptors and Indirect Pointers 



The words following an EIS Multi-Word Instruction Word are either 
descriptions of the operands or ** In d i rec t "*P o inter s5) to the operand descriptions. 
The interpretation of the words is performed according to the settings of the 
control bits in the associated Modification Field IMF). The feth Word following 
the Instruction Word is interpreted according to the contents of MF|£. See EIS 
Modifications Fields (MF1 above for meaning of the various control bits. 

See Section III, Data Representation, and Section VI, Effective Address 
Formation, for further details. 



-OPERAND-DESCRIPTOR-INDIRECT-POINTER-FORMATa 



If MFfc.IO « 1, then the fcth WO rd following an EIS multi-word Instruction 
Word is not an Operand Descriptor, but is an Indirect Pointer to an Operand 
Descriptor and is interpreted as shown in Figure 2-5. 
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0 11 223333 

_Q z_a & 9 Q 1 3 i_ 

I I 111! 

I ADDRESS 10 0000000 00 0 1 AS 0 01 REG I 

J L i_J I L 

ia li l 2 6 



Figure 2-5 Operand Descriptor Indirect Pointer Format 



ADDRESS The given address of the Operand Descriptor. This address 

may bei 

An IB bit main store address if A = 0 f Absolute Mode 
only) 

An 18 bit offset relative to the Base Address Register 
(BAR) if A = 0 (BAR Mode only) 

An 18 bit offset relative to the base of the current 
procedure segment if A = 0 (Appending Mode only) 

A 3 bit Pointer Register number (q) and a 15 bit offset 
relative to C(PRn« WORONO) if A = 1 (All modes) 

A Indirect via Pointer Register flag. This flag controls 

interpretation of the ADDRESS field of the Indirect 
Pointer Just as the "A" flag controls interpretation of 
the ADDRESS field of the Basic aid EIS Single-Word 
Instructions. 

*REG Address modifier for ADDRESS. All Register Mod tiers 

except 0U and DL may be used. If IC is used, then ADDRESS 
is an 18 bit offset to value of the Instruction Counter 
for the I nstruction HJUliJ. C(REG) is always interpreted as 
a wor d offset to ADDRESS. 



ALPHANUMERIC-OPERAND-OESCRIPTOR-FORMATa 



For any operand of an EIS Mult i- word Instruction that requires Alphanumeric 
Data, the Operand Descriptor is interpreted as shown in Figure 2-6 below. 



1 1 
_Z_8_ 



2 2 2 2 2 
Q 1 2 3 <t 



ADDRESS 



CN 



1 I I 
1TA 10) 
J L_L 



18 



2 1 



12 



Figure 2-6 Alphanumeric Operand Descriptor Format 

AOORESS The given address of the operand. This address may be 

(for the (ith operand): 

An 18 Pit main store address if MF&.ARs 0 (Absolute 
Mode only) 
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An 18 bit offset to the Base Address Register If HFfc.AR 
- 0 (BAR Hode only) 

An 18 bit offset relative to the base of the current 
procedure segment if MF&.AR *' 0 (Appending Hode only) 

A 3 bit Address Register number C q) and a 15 bit word 
offset to C(ARq.) if MFJ&.AR = 1 (All modes) 

CN Character Number. This field gives the character position 

within the word at ADDRESS of the first operand character. 
Its interpretation depends on the Data Type (See TA below) 
of the operand. Table 2-2 below shows the interpretation 
of the field. A digit in the table indicates the 
corresponding character position (See Section Hit Data 
Representation, for data formats) and an "x M indicates an 
invalid code for the Data Type. Invalid codes cause 
Illegal Procedure Faults* 



Table 2-2 Alphanumeric Character Number (CN) Codes 



Data Ijlus. 



CLCM1 






2_bi± 


000 


0 


0 


0 


001 


1 


1 


X 


010 


z 


2 


1 


011 


3 


3 


X 


100 


h 


H 


2 


101 


5 


5 


X 


110 


6 


X 


3 


111 


7 


X 


X 



TA Type Alphanumeric. This is the Data Type code for the 

operand. The interpretation of the field is shown in 
Table 2-3 below. The code shown as Invalid causes an 
Illegal Procedure Fault. 



Table 2-3 Alphanumeric Data Type (TA) Codes 



E1IAJ Aala 1*0* 

00 9-bit 

01 6-bit 

10 4-bit 

11 Invalid 



N Operand length. If MFJs.. RL = 0, this field contains the 

string length of the operand. If MFi.RL = It this field 
contains the code for a register holding the operand 
string length. See Table 2-1 and EIS Modification Fields 
(MF) above for a discussion of register codes. 
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-NUMERIC~OPERAND-DESCRIPTOR-FORMATa 

For any operand of an EIS Multi-word Instruction that requires Numeric 
Data* the Operand Descriptor is interpreted as shown in Figure 2-7 below* 



0 1122222 23 3 
_Q L_S Q 1 2 3-k a_Q 5_ 

1 Sill t 1 

1 ADDRESS I CM Sal S I SF 1 N I 

1 L LJ I 1 I 

18 3 1 2 6 6 



Figure 2-7 Numeric Operand Descriptor Format 



ADDRESS The given address of the operand. This address may be 

Cfor the fcth operand)! 

An IB bit main store address if MFfc.AR= 0 (Absolute 
Mode only) 

An 18 bit offset To The Base Address Register if MFJj. AR 
= 0 (BAR Mode only) 

An 18 bit offset relative To the base of the current 
procedure segment if MF&.AR = 0 (Appending Mode onl y) 

A 3 bit Address Register number (3) and a 15 biT word 
offset to C(ARq.) if MFJs. AR = 1 (All modes) 



CN Character Number. This field gives The character position 

within the word at ADDRESS of the f irsT operand character* 
Its interpretation depends on the Data Type (see TA below) 
of the operand. Table 2-2 above shows the interpretation 
of the field. 

a TN Type Numeric. This is the Data type code for the operand. 

The codes are... 

CJIHL Ilala Type 

0 9-bit 

1 *-bit 

S Sign and decimal type of data. The interpretation of the 

field is shown in. Table 2-*» below. 



Table 2-<» Sign and Oecimal Type (S) Codes 



octal £o.d£ Sign and Qgcimat Ixaa 

00 Floating point, leading sign 

01 Scaled fixed point, leading sign 

10 Scaled fixed point, trailing sign 

11 Scaled fixed point, unsigned 
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SF Scaling factor. This field contains the two"s complement 

value of the base 10 scat ing factor; that is* the value of 
HI for numbers represented a n x 10»»a. The decimal point 
is assumed to the right of the least significant digit of 
q. ' Negative values move the decimal point to the left; 
positive values* to the right. The range of i is 
(-32,31). 

N Operand length. If MFfc.RL = 0, this field contains the 

operand length in digits. If MF&..RL = 1» it contains the 
REG code for the register holding the operand length and 
C(REG) is treated as a 0 modulo 6<» number. 



-BIT-STRING-OPERAND-DESCRIPTOR-FORMATa 



For any operand of an EIS Hulti-word Instruction that -equires Bit-string 
Data, the Operand Descriptor is interpreted as shown in Figure 2-8 below. 



1112 
.2-8 9 Q 



2 2 



ADDRESS 



18 



12 



Figure 2-8 Bit String Operand Oescrptor Format 



ADDRESS 



The given address of the operand. This address may be 
If or the &th operand)! 



An 18 bit main store address if MF&.ARs 0 (Absolute 
Mode onl y) 

An 18 bit offset to the Base Address Register if HFJs.AR 
- 0 (BAR Node only) 

An 18 bit offset relative to the base of the current 
procedure segment if MF&.AR = q (Apoending Mode only) 

A 3 bit Address Register number (q) and a 15 bit word 
offset to C(ARq. ) if MF&.AR * i (All modes) 



The character number of the 9-bit character within ADDRESS 
containing the first bit of the operand. 

The bit number within the 9-bit character, C, of the first 
bit of the operand. 
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FIXED POINT 0 ATA MOVEMENT LOAO 



• FIXEO-POINT-ARITHM ET IC3 INSTRUCTION S 



*f ixedCPoint"DataT?laM.£menT"Loada 



EAA 



Effective Address to A 



635 (0) 



FORMATS 



Basic Instruction Format (See Figure 2-1) 



SUMMARY! 



Y -> C(A)0,17 

00... 0 -> CCA)18,35 



MODIFICATIONS! All except OU, OL 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If CCA) = 0, then ON; otherwise OFF 

Negative If CCA) bit 0=1, then ON; otherwise 3FF 



NOTES! The EAA instruction, and the instructions EAQ and EAXn, 

» facilitate interregister data movements; the data source 

is specified by the address modification, and the data 
destination by the operation code of tne instruction* 

Attempted repetition with RPL causes an Illegal Procedure 
Fault. 



EAQ 



Effective Address to Q 



636 (0) 



FORMAT! 
SUMMARY! 



Basic Instruction Format (See Figure 2-1) 

Y -> C(Q)0,17 

00. ..0 -> C(Q>18,35 



MODIFICATIONS! All except OU, OL 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(Q) = 0, then ON* otherwise OFF 

Negative If C(Q)0 = 1, then ON ; otherwise OFF 

NOTES! Attempted repetition with RPL causes ai Illegal Procedure 

Fault. 
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FIXED POINT OATA MOVEMENT LOAD 



EAXn 



FORMAT! 
SUMMARY 1 



Effective Address to Xn 62n CO) 

Basic Instruction Format (See Figure 2-1). 

For n = 0* It •••• or 7 as determined ay operation code 
Y -> C(Xn) 



MODIFICATIONS* All except DU, DL 



INDICATORS! 



(Indicators not listed are not affected) 



Zero 
Negative 



NOTESI 



If CCXn) = 0, then ON; otherwise OFF 
If C(Xn)0 - 1, then ON; otherwise OFF 

Attempted repetition with RPi causes an Illegal Procedure 
Faul t. 



LCA 



FORMATS 
SUMMARY! 



Load Complement A 

Basic Instruction Format (See Figure 2-1)* 

If C(Y) # 0, then -C(Y) -> C(A) 
otherwise* 00. ..0 -> CCA) 



335 (0) 



MODIFICATIONS! All 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If CIA) - 0, then ON* otherwise OFF 

Negative If C(A)0 = 1, then ON * otherwise OFF 

Overflow If range of A is exceeded* then On; otherwise OFF 



NOTES! 



The LCA instruction changes the njmber to its negative (if 
/ 0) while moving it from Y to ft. The operation is 



executed by forming the two's complement of the string of 
36 bits. 
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FIXED POINT DATA MOVEMENT LOAD 



LCAQ 



FORMAT! 
SUMMARY ! 



Load Complement AQ 

Basic Instruction Format CSee Figure 2-1). 

If C(Y-pair) * 0, then -C(Y-pair) -> C(AQ> 
otherwise* 00.. .0 -> C(AQ) 



337 CO) 



MODIFICATIONS! At J except DU, OL, CI, SC. SCR 



INDICATORS! 
Zero 

Negative 
Over f 1 ow 



(Indicators not listed are not affected) 

If C(AQ) = 0, then ON J otherwise OFF 

If C(AQ)0 = 1, then ON? otherwise OFF 

If range of AQ is exceeded, then ON? otherwise OFF 



NOTES! 



The LCAQ instruction changes the numbe- to its negative 

(if * 0) while moving it from Y-pair to AQ. The operation 

is executed by forming the two's complement of the string 
of 72 bits. 



LCQ 



FORMAT! 



SUMMARY! 



Load Complement Q 

Basic Instruction Format (See Figure 2-1). 

If C(Y) # 0, then -C(Y) -> C(Q> 
otherwise, 00. ..0 -> C(Q) 



336 (0) 



MODIFICATIONS! All 



INDICATORS! 
Zero 

Negative 
Overt 1 ow 



(Indicators not listed are not affected) 

If C(Q) = 0, then ON? otherwise OFF 

If C(Q)0 = 1, then ON » otherwise OFF 

If range of Q is exceeded, then OM; otherwise OFF 



NOTES! The LCQ instruction changes the number to its negative (if 

* 0) while moving it from Y to Q. The operation is 
executed by forming the two's complement of the string of 
36 bits. 
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FIXED POINT DATA MOVEMENT LOAD 



LCXn 



FORMAT * 
SUMMARY S 



Load Complement Xn 32n (Q) 

Basic Instruction Format (See Figure 2-1). 

For n = Oi it •••t or 7 as determined t»y operation code 
If C(Y)0,i7 # 0, then -CtY)0*17 -> 2(Xn) 
otherwise* 00. -.0 -> C(Xn) 



MODIFICATIONS! All except CI* SC* SCR 



INDICATORS* 
Zero 

Negative 
Overflow 



(Indicators not listed are not affected) 

If C(Xn> = 0, then ON * otherwise OFF 

If C(Xn)0 = 1* then ON; otherwise OFF 

If range .of Xn is exceeded* then ON; otherwise OFF 



NOTES! 



The LCXn instruction changes the number to its negative 
(if * 0) while moving it from Y0,17 to Xn. The operation 
is executed by forming the two"s complement of the string 
of 18 bits. 

Attempted repetition with RPL and with the same register 
given as target and modifier causes an Illegal Procedure 
Fault. 



LOA Load A 

FORMATt Basic Instruc ti on. Format (See Figure 2-1). 

-4 if An . s 

SUMMARY! C(Y / ) -> C(A) 

MODIFICATIONS! All 



235 (0) 



INDICATORS! 



(Indicators not listed are not affected) 



Zero 



If C(A) = 0* then ON; otherwise OFF 



Negative If C(A)0 = 1* then ON; otherwise OFF 
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FIXED POINT OAT A MOVEMENT LOAD 



LOAC 



FORMAT! 



SUMMARY X 



Load A and Clear 

Basic Instruction Format (See Figure 2-11, 

cm -> cca) 

00.. .0 -> C(Y) 



03*» (01 



MODIFICATIONS! All except DU« DL. CI, SC, SCR 



INDICATORS! 
Zero 

Negative 



(Indicators not listed are not affected) 

If C(A) - 0, then ON; otherwise OFF 
If C(A)0 = 1, then 0N« otherwise OFF 



NOTES! 



The LDAC instruction causes a special sain store reference 
that performs the load and clear in one cycle* Thus, this 
instruction can be used in locking data. 



LDAQ. 



FORMAT! 



SUMMARY X 



Load AO 

Basic Instruction Format (See Figure 2-1). 
C(Y-pair) -> CIAQ) 



237 (0) 



MODIFICATIONS! All except DU, DL, CI, SC, SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(AQ) = 0, then ON; otherwise OFF 

Negative If C(AQ)0 - 1, then ON; otherwise OFF 



LDI 



Load Indicator Register 



63*> (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1), 



SUMMARY! C(Y)18,31 -> C(IR) 

MODIFICATIONS: All except CI, SC, SCR 
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FIXEO POINT OATA MOVEMENT LOAO 



INDICATORS! (Indicators not listed are not affected) 

Parity If C<Y>27 = 1, and the Processor is in Absolute or 

Mask Privileged Mode, then ON? otherwise OF", This indicator 

is not affected in the Normal or BAR modes* 

Not BAR Cannot be changed by the LOI instruction 
Mode 

Multiword If C(Y)30 = 1. and the Processor is in Absolute or 
Instruction Privileged mode* then ON? otherwise OFF. This indicator 
Fault is not affected in Normal or BAR modes. 

Absolute Cannot be changed by the LOI instruction 
Mode. 

All Other If corresponding bit in C(Y) is 1, then ON; otherwise. OFF 
Indicators 

NOTESS The relation between C(Y) 18,31 and the indicators is given 

in Table 2-5 below. 

The Tally Runout indicator reflects 2(Y>25 regardless of 
what address modification is performed on the LOI 
instruction for tally operations. 

Attempted repetition with RPT. RPD. or RPL causes an 
Illegal Procedure Fault. 



Table 2-5. Relation Between Oata Bits and Indicators 



Bit 

Posit ion-CtV) Indicator 

18 Zero 

19 Negative 

20 Carry 

21 Overflow 

22 Exponent Overflow 

23 Exponent Undef low 
Zk Overflow Mask 

25 Tal I y Runout 

26 Parity Error 

27 Parity Mask 

28 Not BAR Mode 

29 Truncation 

30 Multiword Instruction Fault (MIF) 

31 Absolute Mode 
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FIXED POINT DATA MOVEMENT LOAD 



LOQ 



Load Q 



236 10) 



FORMAT! 



Basic Instruction Format (See Figure 2-1). 



SUMMARY I 



C(Y) -> CIQ) 



MODIFICATIONS! All 



INOICATORSI 



(Indicators not listed are not affectedl 



Zero If C(Q) = 0* then ON; othewise OFF 

Negative If C(Q)0 = 1, then ON; otherwise OFF 



LOQC 



Load Q and Clear 



03l» (01 



FORMATS 
SUMMARY! 



Basic Instruction Format (See Figure 2-1) 

cm -> ciqi 

00.. .0 -> C(Y) 



MODIFICATIONS! All except OU* OLt CI* SC. SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(Y) - 0, then ON J otherwise OFF 

Negative If C(Y)0 = 1, then ON* otherwise OFF 



NOTES! 



The LDQC instruction causes a special main store reference 
that performs the load and clear in one cycle* Thus* this 
instruction can be used in locking data. 



LDXn 



Load Index Register Xn 



32n (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1). 



SUMMARY! For n = 0* 1* •••* or 7 as determined by operation code 

C(Y)0,17 -> C(Xnl 

MODIFICATIONS! All except CI* SC* SCR 
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FIXED POINT DATA MOVEMENT LOAD 



INDICATORS* 



(Indicators not listed are not affected) 



Zero If C(Xn> = 0, then ON; otherwise OFF 

Negative If CCXnIO = 1. then ON? otherwise OFF 



NOTES! 



Attempted repetition with RPL and with the same register 
given as target and modifier causes an Illegal Procedure 
Fault. 



LREG 



Load Registers 



073 (0) 



FORMATS 
SUMMARY! 



Basic Instruction Format (See Figure 2-1). 



cmo f i7 -> CCXO) 
CCY*1)0,17 -> CCX2) 
C(Y+2)0,17 -> CfXO 
C(Y*3)0,17 -> CCX6) 
C(Y»<») -> CCA) 
C(Y*6)Q,7 -> CCE) 



C(Y)18,35 .-> C(X1) 
C(Y+1)18,35 -> C(X3) 
C(Y*2>18,35 -> CCX5) 
C(Y*3>18,35 C(X7) 
C(Y*5) -> 2(Q) 



where Y must be 0 modulo 8» otherwise* the next smaller 
such address is used* 



MODIFICATIONS! All except DU» DL, CI- SC. SCR 



INDICATORS! 



None affected 



NOTES! 



Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault* 



LXLn 



Load Xn from Lower 



72n (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1). 



SUMMARY! 



For n = 0, l, ...» or 7 as determined fry operation code 
C(YU8,35 -> CCXn) 



MODIFICATIONS! AM except CI, SC. SCR 
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FIXEO POINT DATA MOVEMENT LOAO 



INDICATORS: 



(Indicators not listed are not affected) 



Zero If C<Xn) = 0, then ON > otherwise OFF 

Negative If CCXnlO = 1, then ON; otherwise OFF 



NOTES* 



Attempted repetition with RPL and with the same register 
given as target and modifier causes an Illegal Procedure 
Fault. 
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FIXED POINT OAT A MOVEMENT STORE 



~ F ixed-Point~Oata-Mou « 



SOAR 



Store Base Address Register 



350 10) 



FORMATS 



Basic Instruction Format (See Figure 2-11 • 



SUMMARY t 



C(8AR) -> C(Y>0,17 



MOOIFICATIONSI A 1 1 except OU* DL* CI* SC. SCR 



INDICATORS* 



None affected 



NOTES* 



Attempted repetition with RPT, RPD V or RPL causes an 
Illegal Procedure Fault. 



SREG 



Store Registers 



753 (0) 



FORMAT* 
SUMMARY! 



Basic Instruction Format (See Figure 2-1). 



CCXD) -> CCY)0,17 
CIX2) -> CCY*l)0tl7 
CCX<») -> C(Y*2)0,17 
CCX6) -> CCY*3)0,17 
CIA) -> CCV«*) 
CCE) -> CCY*6)Q*7 
C(TR) -> CCY«-7)0,26 
CCRALR) -> C(Y*7)33,35 



C(X1) -> CCY)18*35 
CCX3) -> CCY*1)18*35 
C(X5) -> C(Y+2)18*35 
C(X7) -> C(Y*3)18«35 
CCQ) -> CIV*5) 
00.. .0 -> :<Y+6)8,35 
00.. .0 -> 3<Y*7)27*32 



where Y must be a 0 modulo 8 address; otherwise the next 
lower such address is used. 



MODIFICATIONS! All except DU, OL* CI* SC. SCR 



INDICATORS! 



None affected 



NOTESl 



Attempted repetition with RPT, 
Illegal Procedure Fault. 



RPD, 



or RPL causes an 
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FIXED POINT DATA MOVEMENT STORE 



STA 



Store A 



755 ( 0) 



FORMAT! 



Basic Instruction Format CSee Figure 2-1). 



SUMMARY I 



C(A) -> CCY) 



MODIFICATIONS* All except OU, OL 



INDICATORS* 



None affected 



NOTES* 



Attempted repetition with RPL causes an Illegal Procedure 
Fault. 



STAC 



Store A Conditional CtY) = 0 



35% (0) 



FORMAT* 



Basic Instruction Format CSee Figure 2-11. 



SUMMARY* 



If C<Y) s 0, then CCA) -> CCY) 



MODIFICATIONS* All except OU, DL« CI* SC, SCR 



INDICATORS* 



(Indicators not listed are not affected) 



Zero 



If initial CCY) = q, then ON; otherwise OFF 



NOTES* 



If the initial CCY) is nonzero* then CCY) is not changed 
by the STAC instruction. 



Attempted repetition with RPL causes an Illegal Procedure 
Faul t. 



STACQ 



Store A Conditional CCY) = CCQ) 



65<t CO) 



FORMAT* 



Basic Instruction Format CSee Figure 2-1), 



SUMMARY * 



If CCY) = CCQ), then CCA) -> CCY) 



MODIFICATIONS: AN except DU, OL, CI, SC, SCR 
INDICATORS* (Indicators not listed are not affected) 

Zero If initial CCY) = CCQ), then ON * otherwise OFF 
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NOTES* 



If the initial CCY1 is * C(Q), then C(Y> is not changed by 
the STACQ instruction. 



Attempted repetition with RPL causes an Illegal Procedure 
Fault. 



STAQ 



Store AO 



757 (0) 



FORMATS 



Basic Instruction Format {See Figure 2-1) 



SUMMARY: 



C f A 0 ) -> C(Y-pair) 



MODIFICATIONS! All except DU, DL» CIt SC» SCR 



INDICATORS! 



None affected 



NOTES! 



Attempted repetition with RPL causes an Illegal Procedure 
Fault. 



STBA 



Store Character of A (Nine Bit) 



551 10) 



FORMATS 



Basic Instruction Format (See Figure 2-1). 



SUMMARY S 



Characters of CCA) -> Corresponding Characters of C(Y)» 
the character positions affected being specified in the 
tag field. 



MODIFICATIONS! None 



INDICATORS! 



None affected 



NOTES! 



Binary ones in the tag field of this instruction specify 
the character positions of A and Y that are affected. The 
control relations are shown in Table 2-6. 

Attempted repetition with RPT» RPO, or RPL causes an 
Illegal Procedure Fault. 
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Table 2-6. Control Relations for Store Character Instructions (Nine Bit) 



Bit Position 

WjLLLLt 



Bit of 

Ins true ti on 



Structure 



30 
31 
32 
33 



Char 0 
(bits 0-8) 

Char 1 
(bits 3-17) 

Char 2 
(bits 18-26) 

Char 3 
(bits 27-35) 



STBQ 



Store Character of Q (Nine 8it) 



552 (0) 



FORMAT* 



Basic Instruction Format (See Figure 2-1) • 



SUMMARY! 



Characters of C(Q) -> Corresponding Characters of C(Y). 
the character positions affected being specified in the 
tag field* 



MODIFICATIONS! None 



INDICATORS! 



None affected 



NOTES! 



Binary ones in the tag field of this instruction specify 
the character positions of Q and Y that are affected. The 
control relations are shown in Table 2-6 above* 

Attempted repetition with RPT. RPD, or RPL causes an 
Illegal Procedure Fault* 



STC1 



Store Instruction Counter Plus 1 



55k (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1) • 



SUMMARY! 



C(PPR.IC) ♦ 1 -> C(Y)0,17 
C(IR) -> C(Y)18.31 
00*. .0 -> C(Y)32.35 



MODIFICATIONS! All except OU • DL, CI. SC. SCR 
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INDICATORS! 
NOTES! 



STC2 

FORMAT! 
SUMMARY! 
MODIFICATIONS! 
INDICATORS! 
*NOTES! 

STCA 

FORMAT! 
SUMMARY I 

MODIFICATIONS! 

INDICATORS! 

NOTES! 



None affected 



The contents of the Instruction Counter and the Indicator 
Register after address preparation ara stored in C(Y)0.17 
and CCY)18«31. respectively. C(Y>25 reflects the state of 
the Tally Runout indicator prior to modification*; The 
relationship between the C(Y)18 t 31 and the indicators are 
given in Table 2-5. 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault* 



Store Instruction Counter Plus 2 750 (0) 

8asic Instruction Format (See Figure 2-1). 

C(PPR.IC) «• 2 -> CfY)0,17 

All except OU, DL, CI. SC. SCR 

None affected 



Attempted repetition with RPT« RPO* or RPL causes ah 
Illegal Procedure Fault. 



Store Character of A (Six Bit) 751 (0) 

Basic Instruction Format (See Figure 2-1). 



Characters of CIA) -> Corresponding Cnaracters of CfY), 
the character positions affected being specified in the 
tag field. 



None 



None affected 



Binary ones in the tag field of this instruction specify 



character positions of A and Y that are affected. The 
control relations are shown in Table 2-7. 

Attempted repetition with RPT. RPD. or RPL causes an 
Illegal Procedure Fault. 
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Table 2-7, Control Relations for Store Character Instructions (Si* Bit) 

Bit Position Bit of Structure 

Within Tag Field Instruction af A and Y. 

0 30 Char 0 

Cbits 0-5) 

1 31 Char 1 

(bits S-ll) 

2 32 Char 2 

tbits 12-17) 

3 33 Char 3 

(bits 18-23) 

t 3*» Char k 

(bits 2W-29) 

5 35 Char 5 

(bits 30-35) 



STCQ Store Character of Q (Six Bit) 752 (0) 

"FORMAT* Basic Instruction Format (See Figure 2-1). 

SUMMARY! Characters of C(Q) -> Corresponding Cnaracters of C(Y). 

the character positions affected being specified by the 
tag f ield. 

MODIFICATIONS! None 

INDICATORS' None affected 

NOTES* Binary ones in the tag field of this instruction specify 

the character positions of Q and Y that are affected* The 
control relations are shown in Table 2*7 above* 

Attempted repetition with RPT. RPD« or RPL causes an 
Illegal Procedure Fault. 
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STCO 



Store Control Oouble 



357 (01 



FORMAT I 
SUMMARY I 



Basic Instruction Format (See Figure 2-1). 

00...0 -> C(Y-pair)0,2 
CIPPR.PSRI -> C(Y-pair)3,l7 
C(PPR.PRR) -> C(Y-pair) 18,20 
00. ..0 -> C(Y-pair>21,29 
kZ (octal) -> C(Y-pair30,35 
C(PPR*IC)*2 -> C(Y-pair)36,S3 
00... 0 -> CCY-pair)5<n7i 



MODIFICATIONS* All except OUt DL» CI, SC, SCR 



INDICATORS! 



None affected 



NOTESI 



The hardware assumes Y17 * 05 no check is made* 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault* 



STI 



Store Indicator Register 



75k (0) 



FORMATS 



Basic Instruction Format (See Figure 2-1), 



SUMMARY! 



C(IR) -> C(Y) 18,31 
00. ..0 -> C(Y)32,35 



MODIFICATIONS! AM except DU, DL» CI, SC, SCR 



INDICATORS! 



None affected 



NOTES! 



The contents of the Indicator Register after address 
preparation are stored in C(Y)18,31. C(Y)25 reflects the 



state of the Tally Runout indicator prior to address 
preparation. The relation between C(Y)18,31 and the 
Indicators is given in Table 2-5* 

Attempted repetition with RPT, RPO, or RPL causes an 
Illegal Procedure Fault* 
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STQ 



Store Q 



756 (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1). 



SUMMARY ! 



c(Q> -> cm 



MODIFICATIONS! All except DU, OL 



INDICATORS* 



None affected 



NOTES! 



Attempted repetition with RPL causes ai Illegal Procedure 
Fault. 



STT 



Store Timer Register 



t*5t* CO) 



FORMAT! 



Basic Instruction Format (See Figure 2-1), 



SUMMARY! 



CCTR) -> C(Y)0,26 
00. ..0 -> CCY)27,35 



MODIFICATIONS! All except OU, DL, CI • SC, SCR 



INDICATORS! 



None affected 



NOTES! 



Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 



STXn 



Store Xn in Upper 



7*»n (0) 



FORMAT! 
SUMMARY! 



Basic Instruction Format (See Figure 2-11 ■ 

For n = 0, ij ...» or 7 as determined ay operation code 
ClXn) -> C(Y)0,17 



MODIFICATIONS! AM except DU * DL» CI, SC, SCR 
INDICATORS! None affected 

NOTES! Attempted repetition with RPL causes ai Illegal Procedure 

Faul t. 
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ST2 



Store Zero 



kSQ (0) 



FORMAT! 



Basic instruction Format (See Figure 2-1) 



SUMMARY t 



00. ..0 -> C(Y) 



MODIFICATIONS! At I except DU« OL 



INDICATORS! 



None affected 



NOTES! 



Attempted repetition with RPL causes an Illegal Procedure 
Fault. 



SXLn 



Store Xn in Lower 



<»<»n (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1). 



SUMMARY! 



For n = 0» It •••• or 7 as determined by operation code 
C(Xn) -> C(Y)18,3S 



MODIFICATIONS! All except DU, DLt CI V SC* SCR 



INDICATORS! 



None affected 



NOTES! 



Attempted repetition Hith RPL causes an Illegal Procedure 
Fault. 
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Tixed'pQint^Data^QvementlShitta 



ALR 



A Left Rotate 



775 CO) 



FORMAT! 



Basic Instruction Format (See Figure 2-11 • 



SUMMARY! 



Shift C(A) left the number of positions specified Yll,17; 
enter each bit leaving AO into A35. 



MODIFICATIONS: All except DU, DL» CI, SC, SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If CCA) = 0, then ON? otherwise OFF 

Negative If C(A>0 = 1, then ON * otherwise OFF 



NOTES! 



Attempted repetition with RPL causes an Illegal Procedure 
Faul t. 



ALS 



A Left Shift 



735 (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1) • 



SUMMARY! 



Shift C(A) left the number of positions specified by 
Yll,17; fill vacated positions with zeros. 



MODIFICATIONS! All except DU, DL, CI, SC, SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(A) = 0, then ON, otherwise OFF 

Negative If C(A)0 = 1, then ON; otherwise OFF 

Carry If C(A)0 changes during the shift, then ON; otherwise OFF 



NOTES! 



Attempted repetition with RPL causes an Illegal Procedure 



Faul t. 
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ARL 



A Right Logic 



771 (0) 



FORMATS 



Basic Instruction Format CSee Figure 2-1). 



SUMMARY 1 



Shift CIA) right the number of positions specified by Y 
11*17; fill vacated positions with zeros. 



MODIFICATIONS: All except OU, OL* CI, SC, SCR 



INDICATORS: 



(Indicators not listed are not affected) 



Zero If C(A) = 0, then ON? otherwise OFF 

Negative If C(A)0 = 1* then ON * otherwise OFF 



NOTES* 



ARS 



FORMATS 
SUMMARY S 



Attempted repetition with RPL causes an Illegal Procedure 
Faul t. 



A Right Shift 




731 10) 



Basic Instruction Format (See Figure 2-1). 



Shift C(A) right the number of positions specified by 
Yll«17; fill vacated positions with C(A)0. 



MODIFICATIONS! AM except DU, OL, CI, SC, SCR 



INDICATORSS 



(Indicators not listed are not affected) 



Zero If C(A) = 0, then ON; otherwise OFF 

Negative If C(A)Q = 1, then ON; otherwise OFF 



NOTESS 



Attempted repetition with RPL causes an Illegal Procedure 
Fault. 



LLR 



Long Left Rotate 



777 (0) 



FORMATS Basic Instruction Format (See Figure 2-1). 

SUMMARYS Shift C(AQ) left by the number of positions specified by 

Yll',17; enter each bit leaving AQ0 into AQ.71. 
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MODIFICATIONS! All except DU , DL, CI* SC, SCR 



INDICATORS* 



(Indicators not listed are not affected) 



Zero If C(AQ> = 0, then ON; otherwise OFF 

Negative If C(AQ)0 = 1, then ON, otherwise OFF 



NOTES* 



Attempted repetition with rpl causes ar\ Illegal Procedure 
Fault. 



LLS 



Long Left Shift 



737 (0) 



FORMAT * 



Basic Instruction Format (See Figure 2-1). 



SUMMARY* 



Shift C(AQ) left the number of positions specified by 
Y11.17; fill vacated positions with zeros. 



MODIFICATIONS* All except OU* OL* CI* SC* SCR 



INDICATORS* 



(Indicators not listed are not affected) 



Zero If C(AQ) = 0* then ON * otherwise OFF 

Negative If C(AQ)0 = i, then ON* otherwise OFF 

Carry If C(AQ)0 changes during the sniff, then ON * otherwise OFF 



NOTESI 



Attempted repetition with RPL causes an Illegal Procedure 
Faul t. 



LRL 



Long Right Logic 



773 (0) 



FORMAT* 
SUMMARY* 



Basic Instruction Format (See Figure 2-i). 



Shift C(AQ) right the number of positions specified by 
Yli,17; fill vacated positions with zeros. 



MODIFICATIONS* All except OU * OL* CI, SC* SCR 
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INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(AQ) = 0* then ON ; otherwise OFF 

Negative If C(AQ)0 = I, then ON; otherwise OFF 



NOTES! 



Attempted repetition with RPL causes a** Illegal Procedur< 
Faul t. 



LRS 



Long Right Shift 



733 (01 



FORMATS 



Basic Instruction Format (See Figure 2-1), 



SUMMARY! 



Shift C(AQ) right the number of positions specified by 
Yil.17; fill vacated positions with C(A)0. 



MODIFICATIONS: All except DU, OL, CI, SC, SCR 



INDICATORS* 



(Indicators not listed are not affected) 



Zero If C(AQ) = 0. then ON 5 otherwise OFF 

Negative If C(AQ)D = 1, then ON? otherwise OFF 



NOTESl 



Attempted repetition with RPL causes an II legal Procedure 
Fault. 



QLR 



Q Left Rotate 



776 CO) 



FORMAT! 



Basic Instruction Format (See Figure 2-l)« 



SUMMARY I 



Shift C(Q) the number of positions specified by Yll,17; 
enter each bit leaving Q.0 into 035. 



MODIFICATIONS! All except 0U, DL« CI* SC. SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(Q) = 0, then ON; otherwise OFF 

Negative If C(Q)0 = 1, then ON; otherwise OFF 

NOTESl Attempted repetition with RPL causes ar» II legal Procedure 

Faul t. 
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QLS 



Q Left Shift 



736 (0) 



FORMATI 



Basic Instruction Format (See Figure 2-1). 



SUMMARY S 



Shift CCQ) left the number of positions specified by 
Yll,17? fill vacated positions with zeros. 



MODIFICATIONS! All except DU, DL, CI* SC, SCR 



INDICATORS* 



(Indicators not listed are not affected) 



Zert> If C(Q) = D, then ON; otherwise OFF 

Negative If C(Q)D = 1, then ON; otherwise OFF 

Carry If C(Q)0 changes during the shift* then ON J otherwise OFF 



NOTES! 



Attempted repetition with RPL causes an Illegal Prodecure 
Faul t. 



QRL 



0 Right Logic 



772 CO) 



FORMATS 
SUMMARY! 



Basic Instruction Format ISee Figure 2-1). 



Shift C(Q) right the number of positions specified by 
Y11.17; fill vacated positions with ze-os. 



MODIFICATIONS! All except DU, DL* CI* SC* SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(Q) = 0* then ON? otherwise OFF 

Negative If C(Q)0 = 1* then ON » otherwise OFF 



NOTES! 



Attempted repetition with RPL causes an Illegal Procedure 
Faul t. 
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QRS 



Q Right Shift 



732 (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1). 



SUMMARY I 



Shift C(Q) right the number of positions specified by 
Y11.17? fill vacated positions with C(a>0. 



MODIFICATIONS! All except OU, DL • CI, SC, SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(Q) - 0* then ON; otherwise OFF 

Negative If C(Q)0 = 1, then ON $ otherwise OFF 



NOTES! 



Attempted repetition with RPL causes an Illegal Procedure 
Fault* 
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Tixed~PoinfqddiTlpna 



AOA 



FORMAT! 



SUMMARY i 



INDICATORS! 

Zero 
Negat ive 
Overt I ow 
Carry 



ADD to A 



Basic Instruction Format (See Figure 2-1). 



C(A) ♦ C(Y) -> CCA) 



075 (0) 



MOOIFICATIONSS All 



(Indicators not listed are not affected) 

If CCA) = 0, then ON; otherwise OFF 

If C(A)Q = 1« then ON; otherwise OFF 

If range of A is exceeded* then ON J otherwise OFF 

If a carry out of AO is generated* then ON i otherwise OFF 



ADAQ 



FORMATS 



SUMMARY! 



Add to AQ 

Basic Instruction Format (See Figure 2-1)* 
C(AQ) ♦ C(Y-pair) -> C(AQ) 



077 (0) 



MODIFICATIONS! All except DU , OL* CI* SC* SCR 



INDICATORS! 
Zero 

Negat ive 
Overt I ow 
Carry 



(Indicators not listed are not affected) 

If C(AQ) = 0, then ON; otherwise OFF 

If C(AQ>0 = 1* then ON; otherwise OFF 

If range of AQ is exceeded* then ON; otherwise OFF 

If a carry out of AQ0 is generated* than ON; otherwise OFF 



AOL 



Add Low to AO 



033 (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1) 



SUMMARY! 



C(AQ) + C(Y) sign extended -> C(A3J 
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MODIFICATIONS* All except CI * SC. SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(AQ) = 0* then ON; otherwise OFF 

Negative If C(AQ)0 = 1* then ON? otherwise OFF 

Overflow If range of AQ is exceeded* then ON; otherwise OFF 

Carry If a carry out of AQO is generated, then ON; otherwise OFF 



NOTES! 



A 72-bit number is formed from 
manners 



C(Y) in the following 



The lower 36 bits (36*71) is identical to C(Y). Each of 
the upper 36 bits (0.35) is identical to C(Y)0. 



This 72-bit number is added to the contents of 
combined AO-register. 



the 



AOL A 



Add Logical to A 



035 (0) 



FORMAT t 



Basic Instruction Format (See Figure 2-1). 



SUMMARY I 



C(A) ♦ CCY) -> C(A) 



MODIFICATIONS! 



All 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If CCA) = 0. then ON; otherwise OFF 

Negative If C(A)0 = 1. then ON* otherwise OFF 

Carry If a carry out of AO is generated* the-* ON; otherwise OFF 



NOTES! 



The ADLA instruction is identical to the ADA instruction 
with the exception that the Overflow indicator is not 
affected by the ADLA instruction* nor does an Overflow 
Fault occur. Operands and results are treated as 
Unsigned* positive binary integers. 
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AOL AQ 



Add Logical to AQ 



037 (0) 



FORMAT* 



Basic Instruction Format (See Figure 2-11. 



SUMMARY t 



C(AQ> ♦ C(Y-pair) -> C(AQ) 



MODIFICATIONS! All except OU, OLt CI , SCt SCR 



INDICATORS* 



CIndicators not listed are not affected! 



Zer.o If C(AQ) = 0, then ON; otherwise OFF 

Negative If CCAQ)0 = 1* then ON; otherwise OFF 

Carry If a carry out of A 0.0 is generated, than ON; otherwise OFF 



NOTES* 



The ADLAQ instruction is identical to the AOAQ instruction 
with the exception that the Overflow indicator is not 
affected by the ADLAQ instruction* nor does an Overflow 
Fault occur. Operands and results are treated as 
unsigned, positive binary integers. 



ADLQ 



Add Logical to Q 



036 (01 



FORMAT* 



Basic Instruction Format (See Figure 2-1). 



SUMMARY * 



C(Q) ♦ C(Y) -> C(Q) 



MODIFICATIONS* All 



INDICATORS* 



(Indicators not listed are not affected) 



Zero If C(Q) = 0, then ON? otherwise OFF 

Negative If C(Q10 = 1, then ON; otherwise OFF 

Carry If a carry out of 00 is generated, then ON; otherwise OFF 



NOTES* 



The ADLQ instruction is identical to the ADQ instruction 



with the exception that the Overflow indicator is not 
affected t>y the ADLQ instruction, nor does an Overflow 
Fault occur. Operands and results are treated as 
unsigned, positive binary integers. 
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AOLXn 



Add Logical to Xn 



02n (0) 



FORMAT* 



Basic Instruction Format (See Figure 2-1). 



SUMMARY I 



For n - Of 1« •••• or 7 as determined 9/ operation code 
C(Xn) ♦ C(Y)0,17 -> C(Xn) 



MODIFICATIONS! Alt except CI* SC* SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(Xn) * 0, then ON? otherwise OFF 

Negative If C(Xn)0 = 1, then ON; otherwise OFF 

Carry If a carry out of XnO is generated* then ON; otherwise OFF 



NOTESl 



The AOLXn instruction is identical to the ADXn instruction 
with the exception that the Overflow indicator is not 
affected by the AOLXn instruction* nor does art Overflow 
Fault occur* Operands and results are treated as 
unsigned* positive binary integers* 



ADO 



Add to Q 



076 (0) 



FORMATS 



Basic Instruction Format (See Figure 2-1) 



SUMMARY S 



C(Q) ♦ C(Y) -> C(QJ 



MODIFICATIONS* All 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(Q) - 0, then ON; otherwise OFF 

Negative If C(Q)0 = 1* then ON; otherwise OFF 

Overflow If range of Q is exceeded* then ON; otherwise OFF 



Carry If a carry out of Q0 is generated* then ON; otherwise OFF 
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FIXED POINT ADDITION 



AOXn 



Add to Xn 



06n 10) 



FORMAT! 



Basic Instruction Format (See Figure 2-i). 



SUMMARY t 



For n = Ot It • ••» or 7 as determined by operation code 
C(Xn) ♦ C(Y)0,17 -> CCXn) 



MODIFICATIONS! AH except CI, SC, SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C<Xn) = 0, then ON 5 otherwise OFF 

Negative If C(Xn)0 - 1, then ON? otherwise OFF 

Overflow If range of Xn is exceeded, then ON > otherwise OFF 

Carry If a carry out of XnO is generated, then ON; otherwise OFF 



AOS 



Add One to Storage 



05<» (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1) 



SUMMARY! 



cm ♦ l -> c(Y) 



MODIFICATIONS! All except DU, DL, CI, SC, SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(Y) = 0, then ON; otherwise OFF 

Negative If C(Y)0 = 1, then ON; otherwise OFF 

Overflow If range of Y is exceeded, then ON; otherwise OFF 

Carry If a carry out of Y0 is generated, then ON? otherwise OFF 



NOTES! 



Attempted repetition with RPL causes ai Illegal Procedure 
Faul t. 
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FIXED POINT ADDITION 



ASA 



Add Stored to A 



05? (01 



FORMAT! 



Basic Instruction Format (See Figure 2-1) 



SUMMARY! 



ccA) ♦ cm -> cm 



MODIFICATIONS* All except Oil* DL , CI* SC, SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(Y) s o. then ONJ otherwise OFF 

Negative If C(Y)0 = 1, then ON; otherwise OFF 

Overflow If range of Y is exceeded* then ON* otherwise OFF 

Carry If a carry out of Y0 is generated* then ON* otherwise OFF 



NOTES! 



Attempted repetition with RPL causes an Illegal Procedure 
Faul t. 



ASH 



Add Stored to Q 



056 (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1) • 



SUMMARY! 



C(Q) ♦ cm -> cm 



MODIFICATIONS! All except DU, DL, CI* SC, SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(Y) = 0* then ON* otherwise OFF 

Negative IF C(Y)0 = 1, then ON* otherwise OFF 

Overflow If range of Y is exceeded* then ON* otherwise OFF 

Carry If a carry out of Y0 is generated* then ON* otherwise OFF 



NOTES! Attempted repetition with RPL causes ai II legal Procedure 

Faul t. 
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FIXED POINT AOOITION 



ASXn 



Add Stored to Xn 



Qkn (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1). 



SUMMARY J 



For n = 0, 1, • or 7 as determined oy operation code 
C(Xn! * C(Y) 0,17 -> C(Y)0,17 



MODIFICATIONS: All except DU ♦ DL, CI, SC, SCR 



INDICATORS: 



(Indicators not listed are not affected) 



Zero If C(Y)0,17 = 0, then ON; otherwise OFF 

Negative If C(Y)0 = 1, then ON; otherwise OFF 

Overflow If range of Y0,17 is exceeded, then ON; otherwise OFF 

Carry If a carry out of Y0 is generated, then ON; otherwise OFF 



NOTES* 



Attempted repetition with RPL causes art Illegal Procedure 
Fault. 



AMC A 



Add with Carry to A 



071 (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1). 



SUMMARY: 



If Carry indicator OFF, then C(A) ♦ C(Y) -> CIA) 

If Carry indicator ON, then C(A) ♦ C(Y) ♦ 1 -> C(A) 



MODIFICATIONS: All 



INDICATORS: 



(Indicators not listed are not affected) 



Zero If C(A) = 0, then ON; otherwise OFF 

Negative If C(A)0 = 1, then ON * otherwise OFF 

Overflow If range of A is exceeded, then ON; otherwise OFF 



Carry 
NOTES: 



If a carry out of AO is generated, then ON; otherwise OFF 



The AWCA instruction is identical to the ADA instruction 
with the exception that when the Carry indicator is ON at 
the beginning of the instruction, 1 is added to the sum of 
C(A) and C(Y). 



REVIEW DRAFT 
SUBJECT TO CHANGE 
October, 1975 



AL39 



FIXED POINT ADDITION 



AHCQ 



Add with Carry to Q 



072 (0) 



FORMAT! 



Basic Instruction Format (See Figjre 2-1). 



SUMMARY! 



If Carry indicator OFF, then CCQ) ♦ CU) -> CCQ) 

If Carry indicator ON, then CCQ) ♦ C<n ♦ 1 -> CCQ) 



MODIFICATIONS! All 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If CCQ) ■ 0, then ON? otherwise OFF 

Negative If CCQ)0 = 1, then ON; otherwise OFF 

Overflow If range of Q is exceeded, then ON; otherwise OFF 

Carry If a carry out of QO is generated, then ON; otherwise OFF 



NOTES! 



The AHCQ instruction is identical to tie AOQ instruction 
with the exception that when the Carr? indicator is ON at 
the beginning of the instruction, 1 is added to the sun of 
CCQ) and CCY). 
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FIXED POINT SUBTRACTION 



TlxetrPointrSubtraEliflQa 



SBA 



Subtract from A 



175 (0) 



FORMAT t 



Basic Instruction Format (See Figure 2-11. 



SUMMARY* 



CCA) - C(Y) -> CCA) 



MODIFICATIONS! All 



INDICATORS: 



(Indicators not listed are not affected) 



Zero If C(A) ■ 0, then ON; otherwise OFF 

Negative If C(A)0 = 1, then ON; otherwise OFF 

Overflow If range of A is exceeded* then ON; otherwise OFF 

Carry If a carry out of AO is generated, then ON J otherwise OFF 



SBAQ 



Subtract from AQ 



177 (0) 



FORMATS 



Basic Instruction Format (See Figure 2-1). 



SUMMARY S 



C(AQ) - CCY-pair) -> CCAQ1 



MODIFICATIONS! All except DU, OL, CI, SC, SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If CCAQ) = 0, then ON; otherwise OFF 

Negative If C(AQ)0 = 1, then ON; otherwise OFF 

Overflow If range of AQ is exceeded, then ON; otherwise OFF 

Carry If a carry out of AQO is generated, then ON; otherwise OFF 



SBLA 



Subtract Logical from A 



135 (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1) 



SUMMARY! 



C(A) - C(Y) -> C(A) 
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FIXED POINT SUBTRACTION 



MODIFICATIONS* All 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(A) = 0, then ON? otherwise OFF 

Negative If C(A)0 - 1. then ON; otherwise OFF 

Carry If a carry out of AO is generated* the-* ON * otherwise OFF 



NOTESI 



The SBLA instruction is identical to the SBA instruction 
With the exception that the Overflow indicator is not 
affected by the SBLA instruction, nor does an Overflow 
Fault occur. Operands and results are treated as 
unsigned* positive binary integers* 



SBLAQ 



Subtract Logical from AQ 



137 (0) 



FORMAT. 



Basic Instruction Format (See Figure 2-1) 



SUMMARY * 



C(AQ) - C(Y-pair) -> CCAQJ 



•MODIFICATIONS* All except DU, DL» CI, SC, SCR 



INDICATORS* 



(Indicators not listed are not affected) 



Zero If C(AQ) = 0, then ON; otherwise OFF 

Negative If CCAQJO = 1, then ON; otherwise OFF 

Carry If a carry out of A 0.0 is generated* then ON; otherwise OFF 



NOTES* 



The SBLAQ instruction is identical to the SBAQ instruction 
with the exception that the Overflow indicator is not 
affected by the SBLAQ instruction* Tor does an Overflow 
Fault occur* Operands and results are treated as 
unsigned* positive binary integers* 



SBLQ 



Subtract Logical from Q 



136 (0) 



FORMAT * 



Basic Instruction Format (See Figure 2-1) 



SUMMARY* 



C(Q) - C(Y) -> C(Q) 



MODIFICATIONS* All 



REVIEW ORAFT 
SUBJECT TO CHANGE 
October, 1975 



2-«i9 



AL39 



FIXED POINT SUBTRACTION 



INDICATORS: 



(Indicators not listed are not affected) 



Zero If C(Q) = 0, then ON? otherwise OFF 

Negative If C(Q)0 = 1, then ON ? otherwise OFF 

Carry If a carry out of 0.0 is generated, the* ON; otherwise OFF 



NOTES! 



The SBLQ instruction is identical to the SBQ instruction 
with the exception that the Overflow indicator is not 
affected by the SBLQ instruct ion* nor does an Overflow 
Fault occur. Operands and results are treated as 
unsignedf positive binary integers* 



SBLXn 



Subtract Logical from Xn 



12n (0) 



FORMAT! 



Basic Instruction Format fSee Figure 2-1). 



SUMMARY S 



For n = 0* 1* •••* or 7 as determined by operation code 
C<Xn) - cmo,17 -> CCXn) 



MODIFICATIONS! All except CI* SC. SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(Xn) = 0, then ON? otherwise OFF 

Negative If C(Xn)Q = 1, then ON? otherwise OFF 

Carry If a carry out of XnO is generated* then ON? otherwise OFF 



NOTES 



The SBLXn instruction is identical to the SBXn instruction 
witn the exception that the Overflow indicator is not 
affected by the SBLXn instruction* nor does an Overflow 
Fault occur. Operands and results are treated as 
unsigned* positive binary integers* 



SBQ 



Subtract from Q 



176 10) 



FORMATI 



Basic Instruction Format CSee Figure 2-1). 



SUMMARY ! 



C(Q) - C(Y) -> CCQ) 



MODIFICATIONS! AM 
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INDICATORS X 



(Indicators not listed are not affected) 



Zero If C(Q) = 0* then ON; otherwise OFF 

Negative If C(Q)0 = 1, then ON * otherwise OFF 

Overflow If range of Q is exceeded, then ON* otherwise OFF 

Carry If a carry out of Q0 is generated* then 0^? otherwise OFF 



SBXn 



Subtract from Xn 



16n (0) 



FORMAT: 



Basic Instruction Format (See Figure 2-1). 



SUMMARY: 



For n = 0* 1» •••« or 7 as determined Dy operation code 
C(Xn) - C(Y)Q,17 -> C(Xn) 



MODIFICATIONS: Al l except CI * SC, SCR 



INDICATORS: 



(Indicators not listed are not affected) 



Zero If C(Xn) = 0, then ON; otherwise OFF 

Negative If C(Xn)0 = l f then ON; otherwise OFF 

Overflow If range of Xn is exceeded* then ON? otherwise OFF 

Carry If a carry out of XnO is generated* then ON; otherwise OFF 



SSA 



Subtract Stored from A 



155 (0) 



FORMAT* 



Basic Instruction Format (See Figure 2-1) 



summary: 



C(A) - C(Y) -> cm 



MODIFICATIONS: All except DU * DL» CI, SC, SCR 



indicators: 



(Indicators not listed are not affected) 



Zero If C(Y) = 0, then ON; otherwise OFF 

Negative If C(Y)0 = 1* then ON; otherwise OFF 

Overflow If range of Y is exceeded* then on; otherwise OFF 

Carry If a carry out of YO is generated, the** ON; otherwise OFF 
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FIXED POINT SUBTRACTION 



NOTES* 



Attempted repetition with RPL causes an Illegal Procedure 
Fault. 



SSQ 



Subtract Stored from Q 



156 (0) 



FORMAT I 



Basic Instruction Format CSee Figure 2-1) 



SUMMARY 1 



ccq) - cm -> cm 



MODIFICATIONS: All except DU, DLt CI, SC, SCR 



INDICATORS: 



(Indicators not listed are not affected) 



Zero If C(Y) = 0, then ON? otherwise OFF 

Negative If C(Y)0 = 1, then ON ? otherwise OFF 

Overflow It range of Y is exceeded* then ON; otherwise OFF 

Carry If a carry out of Y0 is generated* then ON; otherwise OFF 



NOTES! 



Attempted repetition with RPL causes an Illegal Procedure 
Fault. 



SSXn 



Subtract Stored from Xn 



l<tn (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1). 



SUMMARY! 



For n = 0, 1, ...» or 7 as determined by operation code 
C(Xn) - C(Y)0,17 -> C(Y)0,17 



MODIFICATIONS! All except OU, OL , CI, SC, SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero 



If C(Y)0 t l7 ■ 0, then ON? otherwise OFF 



Negative If C(Y)0 = 1, then ON; otherwise OFF 

Overflow If range of Y0, 17 exceeded, then ON; otherwise OFF 

Carry If a carry out of YO is generated, then ON; otherwise OFF 



NOTES! 



Attempted repetition with RPL causes an Illegal Procedure 
Faul t. 
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FIXEO POINT SUBTRACTION 



SWCA 



FORMATS 
SUMMARY* 

MODIFICATIONS! 

indicators: 
Zero 

Negative 
Over f I oh 
Carry 



Subtract with Carry from A 171 (0) 

Basic Instruction Format CSee Figure 2-1). 

If Carry Indicator ON, then CCA) - CCY) -> CCA) 
If Carry Indicator OFF, then CCA) - Cm - 1 -> CCA) 

All 

(Indicators not listed are not affected) 

If CCA) = 0, then ON? otherwise OFF 

If CCA)0 = It then ON ; otherwise OFF 

If range of A Is exceeded, then ON, otherwise OFF 

If a carry out of AO is generated, then ON? otherwise OFF 



NOTES! 



The SWCA instruction is identical to the SBA instruction 
with the exception that when the Carry indicator is OFF al 
the beginning of the instruction, ♦! is subtracted from 
the difference of CCA) minus C(Y). The SWCA instruction 
treats the Carry indicator as the complement of a borrow 
indicator, due to the implementation of negative numbers 
in two's complement form. 



SWCQ 



FORMAT* 



SUMMARY* 



Subtract with Carry from Q 172 CO) 

Basic Instruction Format CSee Figure 2-1). 

If Carry indicator ON, then CCQ) - CCY) -> CCQ) 

If Carry indicator OFF, then CCQ) - CCY) - 1 -> CCQ) 



MODIFICATIONS! All 



INDICATORS) 



(Indicators not listed are not affected) 



Zero If CCQ) = 0, then ON; otherwise OFF 

Negative If C(Q)0 = 1, then ON; otherwise OFF 

Overflow If range of Q is exceeded, then ON; otherwise OFF 

Carry If a carry out of Q0 is generated, then ON; otherwise OFF 
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NOTESt The SHCQ instruction is identical to the SBQ instruction 

with the exception that when the Carry indicator is OFF at 
the beginning of the instruction, +1 is subtracted from 
the difference of C(Q) minus C(Y). The SWCQ instruction 
treats the Carry indicator as the complement of a borrow 
indicator* due to the implementation of negative numbers 
in two's complement form. 
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ll'MuniPlicalLapa 



MPF 



Multiply Fraction 



<»01 (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1) 



SUMMARYI 



C(A) x Cm -> CCAQ), left adjusted 



MODIFICATIONS! 



Al I except CI • SC. SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(AQ) = 0, then ON; otherwise OFF 

Negative If C<AQ)0 » It then ON; otherwise OFF 

Overflow If range of AQ is exceeded, then ON; otherwise OFF 



NOTES! 



Two 36-bit fractional factors (including sign) are 
multiplied to form a 71-bit fractional product (including 
sign)* which is stored left-adjusted in the AQ-register. 
AQ71 contains a zero. Overflow can occur only in the case 
of A and Y containing all ones and the result exceeding 
the combined AQ-register. 
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Combined AQ Register 



MP Y Multiply Integer <»02 CO) 

FORMAT! Basic Instruction Format (See Figure 2-1). 

SUMMARY! C(Q.) x C(Y) -> C(AQ), right adjusted 
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MODIFICATIONS! All except CI, SC. SCR 



INDICATORS* 



{Indicators not listed are not affected) 



Zero If C(AQI = 0, then ON? otherwise OFF 

Negative If C(AQ)0 = 1, then ON? otherwise OFF 



NOTES: 



Two 36-bit integer factors (including sign) are multiplied 
to form a 71-bit integer product (including sign)* which 
is stored in AQ, right-adjusted. A^O is filled with an 
"extended sign bit". 



0 0 
JL-i. 
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Combined AQ Register 



In the case of (-2*»35) x (-2»»35) = *2**70t A 0.1 is used 
to represent the product rather than the sign* No 
overflow can occur. 
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FIXED POINT DIVISION 



•f iKed"Ppinf"Ditfision a 



DIV 



Divide Integer 



506 (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1) 



SUMMARY S 



C(Q.) / CCY) integer quotient -> C(Q) 
integer remainder -> CIA) 



MODIFICATIONSt All 



INDICATORS: 



(Indicators not listed are not affected) 



It division tahes place* 

Zero If C(Q) - 0, then ON; 

otherwise OFF 

Negative If C(Q)0 - 1* then ON; 
otherwise OFF 



If no division TaKes olacel 

If divisor = 0, then ON; 
otherwise OFF 

If dividend < 0* then ON? 
otherwise OFF 



NOTES! A 36-bit integer dividend (including sign) is divided by a 

36-bit integer divisor (including sign) to form a 36-bit 
integer quotient (including sign) and a 36-bit integer 
remainder (including sign). The remainder sign is equal 
to the dividend sign unless the remainder is zero* 
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A-Register 3-Register 



If the dividend = -2»»35 and the divisor = -1 or if the 
divisor = 0* then division does not take place. Instead* 
a Divide Check fault occurs* C(Q) contains the dividend 
magnitude* and the Negative indicator reflects the 
dividend sign. 



REVIEW DRAFT 
SUBJECT TO CHANGE 
October, 1975 



2-57 



AL39 



FIXED POINT OIVISION 



OVF 



Divide Fraction 



507 CO) 



FORMATt 
SUMMARY! 



Basic Instruction Format (See Figure 2-1) 

C(AQ) / CCY) fractional quotient -> CtA) 
fractional remainder -> C(Q) 



MODIFICATIONS! 
INDICATORS! 



Al I 



(Indicators not listed are not affected) 



It division La Has aias&j 

Zero If C(A) = 0 * then ON; 

otherwise OFF 

Negative If C(A)0 = 1« then ON * 
otherwise OFF 



If no division taKes place! 

If divisor = 0, then ON? 
otherwise OFF 

If dividend < 0, then ON? 
otherwise OFF 



NOTES! 



A 71-bit fractional dividend (including sign) is divided 
by a 36-bit fractional divisor yielding a 36-bit 
fractional quotient (including sign) and a 36-bit 
fractional remainder (including sign). CCAQJ71 is 
ignored; bit position 35 of the remainder corresponds to 
bit position 70 of the dividend* The remainder sign is 
equal to the dividend sign unless the remainder is zero* 
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If {dividend! >= Idivisorl or if the divisor = 0, division 
does not take place* Instead* a Divide Check Fault 
occurs* C(AQ) contains the dividend magnitude in absolute* 
and the Negative indicator reflects the dividend sign. 
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FIXED POINT NEGATE 



NEG 



Negate A 



531 CO) 



FORMAT* 



Basic Instruction Format (See Figure 2-1). 



SUMMARY t 



-C(A) -> C(A) if CIAI * 0 



MODIFICATIONS: All* but none affect instruction execution, 



INDICATORS* 



(Indicators not listed are not affected) 



Zero If CCA) = 0 V then ON; otherwise OFF 

Negative If C(A)0 = 1, then ON; otherwise OFF 

Overflow If range of A is exceeded* then ON; otherwise OFF 



NOTES! 



The NEG instruction changes the number in A to its 
negative (if * 0). The operation is performed by forming 
the two's complement of the string of 36 bits. 

Attempted repetition with RPL causes an Illegal Procedure 
Fault. 



NEGL 



Negate Long 



533 CO) 



FORMATS 



Basic Instruction Format (See Figure 2-1) 



SUMMARY! 



-C(AQ) -> C(AQ) if C(AQ) * 0 



MODIFICATIONS! All* but none affect instruction execution, 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(AQ) = 0, then ON; otherwise OFF 

Negative If C(AQ)0 - 1, then ON; otherwise OFF 



Overflow If range of AQ is exceeded* then ON; otherwise OFF 



NOTES! 



The NEGL instruction changes the number in AO to its 
negative (if t 0). The operation is oerformed by forming 
the two's complement of the string of 72 bits. 

Attempted repetition with RPL causes an Illegal Procedure 
Faul t. 
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FKE3 POINT COMPARISON 



~ Fixed-Point "CQmparlsona 



CMG 



Compare Magnitude 



<»05 (0) 



FORMATS 



Basic Instruction Format ISee Figure 2-1) 



summary: 



icca) i st icm i 



modifications: All 



indicators: 



(Indicators not listed are not affected) 



Zero If IC(A)! - IC(Y)I, then On; otherwise OFF 

Negative If IC(A)I < 1 C C Y ) I » then ON; otherwise OFF 



CMK 



FORMATS 
summary: 



Compare Masked 

Basic Instruction Format (See Figure 2-i)« 

For i = 0 t it •••» 35 

C(Z)i = ~C(0)i * (C(A)i • C(Y)i) 



211 (0) 



modifications: All 



INDICATORS: 



(Indicators not listed are not affected) 



Zero If C(Z) = 0, then ON? otherwise OFF 

Negative If C(Z)Q = 1. then ON; otherwise OFF 



NOTES: 



The CMK instruction compares the contents of bit positions 
of A and Y for identity that are not lasked by a 1 in the 
corresponding bit position of Q. 

The Zero indicator is set ON if the comparison is 
successful for all bit positions* i.e.* if for all i = 0* 
1*...,35 there is either: C(A)i = C(Y)i (the identical 
case) or C(Q)i = 1 (the masked case); otherwise* Zero 



indicator is set OFF. 

The Negative Indicator is set ON if the comparison is 
unsuccessful for bit position 0; i.e.* if C(A)0 • C(Y)0 
(they are nonidentica I ) as well as C(Q)0 = 0 (they are 
unmasked); otherwise* Negative indicator is set OFF. 
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FIXED POINT COMPARISON 



CMPA 



115 (0) 



FORMATS 
SUMMARY i 



Compare with A 

Basic Instruction Format (See Figure 2-1). 

cca) is cm 

MODIFICATIONS* All 

INDICATORS* (Indicators not listed are not affected) 



The Zero (Z), Negative CN)« and Carry (C) indicators are 
set as follows* 



t arison CSioned Binary Operands) 
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= i. cm o = o 



Logical Comparison (Unsigned Positive 5inarv Operands) 
Z £ Relation 

0 0 CCA) < CCY) 

1 1 CCA) = CCY) 
0 1 CCA) > CCY) 



CMPAQ 



FORMAT 1 
SUMMARY S 



Compare with AQ 

8asic Instruction Format CSee Figure 2-1). 
C(AQ) St CCY-pair) 



117 (0) 



MODIFICATIONS! All except DU, DL» CI. SC. SCR 
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INDICATORS* 



CMPQ 

FORMAT* 
SUMMARY S 
MODIFICATIONS* 
INDICATORS* 



(Indicators not listed are not affected} 

The Zero CZ), Negative (N)» and Carry (C) indicators are 
set as foil oms. 
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Logical Comparison iUnsiqned.pQsiti vo. 3 inarv Operands) 

Z £ •&efat.ion 

0 0 CCAQ) < CCY-pair) 

11 CCAQ) = CCY-pair) 

0 1 CCAQ) > CCY-pair) 



Compare with Q 116 (0) 

Basic Instruction Format (See Figure 2-1). 
CCQ) ** CCY) 
AI I 

(Indicators not listed are not affected) 

The Zero <Z)« Negative (N), and Carr/ CO indicators are 
set as foil ows. 
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Algebraic Cofno arlS-QO- ISigned-SinarY QEt&CJUKLsl 



I 


a 




Stela t, i ao 








0 


0 


0 


ceo.) > c(Y> 


CCQ)0 = 


- 0, C(Y) 0 = 


: 1 


0 


0 


1 


ccoj > ctY> 








1 


0 


1 


CCQ) = CCY) 


CtQ>0 ' 


■ C(Y)0 




0 


i 


0 


CCQ) < ClY) 








0 


i 


1 


CCQ) < CCY) 


CCQ)0 : 


- if C(Y)0 = 


: 0 



L £ Clarion 

0 0 CCQ) < CCY) 

1 t CCQ) = CCY) 

o i ccq) > cm 

CMPXn Compare with Xn lOn (0) 

Basic Instruction Format (See Figure 2-i)« 

For n = 0* 1» •••• or 7 as determined by operation code 
CCXn) tt CCY)0,17 

MODIFICATIONS: All except CI • SC, SCR 

INDICATORS: (Indicators not listed are not affected) 

The Zero CZ)» Negative (N)» and Carry (C) indicators are 
set as follows. 

Bin a ry O p erands) 

Si. an 

C(Xn)0 = 0, C(Y)0 = i 



0 


0 


1 


C(Xn) 


> 


CCY)0,17 






0 


i 


0 


CCXn) 




C(Y)0,17 


CCXnJO s 


■ CCY)0 


1 


0 


1 


C (Xn) 


< 


CCY)Q,17 






0 


1 


1 


CCXn) 


< 


CCY)0,17 


CCXn)0 : 


= L, CCY)0 = 0 



FORMATS 
SUMMARY: 



L H £ Relation 

0 0 0 CCXn) > CCY)0,17 
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FIXED POINT COMPARISON 



Logical CoffipaciJkflQ-CWnsiqngd.P.CLSltive 3inarv QperandsL 



I 


a 


Raiatlao 




0 


0 


C(Xn) < Cmo. 


17 


1 


i 


C(Xn) - CCY>0, 


17 


0 


i 


C(Xn) > C(Y)0, 


17 



CWL Compare with Limits 111 (0) 

FORMATS Basic Instruction Format (See Figure 2-1), 

SUMMARY t C<Y) SI closed interval tC(A);C(Q)) 

cm *» c(qi 

MODIFICATIONS! All 

INDICATORS* (Indicators not listed are not affected) 

Zero If CCA) <= CCY) <= C(Q) or CCA) >= CCY) >= CCQ), then ON? 

* otherwise OFF. 

The Negative CN) and Carry CO indicators are set as 
f ol lows. 



M 


Q. 


Rel at ion 


Sian 




0 


0 


CCQ) > CCY) 


CCQ)0 = 


0, CCY)0 


0 


1 


CCQ) >= CCY) 


CCQ)0 = 


CCY)0 


1 


0 


CCQ) < CCY) 


CCQ)0 = 


CCY)0 


i 


1 


CCQ) < CCY) 


CCQ)0 = 


1, CCY)0 



NOTES! The CWL instruction tests the value of CCY) to determine 

if it is within the range of values set by C(A) and C(Q). 
The comparison of CCY) with CCQ) locates CCY) with resoect 
to the interval if C(Y) is not contained within the 
interval • 
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FIXED POINT MISCELLANEOUS 

SZN Set Zero and Negative Indicators 23*» CO) 

FORMATS Basic Instruction Format CSee Figure 2-1). 

SUMMARY! Set indicators according to C(YI 

MODIFICATIONS! All 

INDICATORS! (Indicators not listed are not affected) 

Zero If C(Y) = 0, then ON? otherMlse OFF 

Negative If C(Y)0 = 1, then ON » otherwise OFF 

SZNC Set Zero and Negative Indicators and Clear 21A (0) 

FORMATS Basic Instruction Format (See Figure 2-1). 

^SUMMARY! Set indicators according to CCY) 
00.. .0 => CCY) 

MODIFICATIONS: All except DU, DL, CI, SC, SCR 

INDICATORS! (Indicators not listed are not affected) 

Zero If C(Y) = 0* then ON, otherwise OFF 

Negative If C(Y)0 ■ 1, then ON; otherwise OFF 
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BOOLEAN ANO 



~ BO OLEA N-OPERATI ON IN STRUCT I ONSa 



ANA 



ANO to A 



375 (0) 



FORMAT! 



Basic Instruction Format fSee Figure 2-1). 



SUMMARY t 



CCA)i & C(Y)i -> CCAU for i = 10, 1, 35) 



MODIFICATIONS* All 



INDICATORS: 



(Indicators not listed are not affected!) 



Zero If C(A) » 0» then ON; otherwise OFF 

Negative If C(A)0 = 1, then ON; otherwise OFF 



ANAQ 



ANO to AQ 



377 (0) 



•FORMAT* 



Basic Instruction Format (See Figure 2-1). 



SUMMARY! 



C(AQ)i i C(Y-pair)i -> C(AQ)i for I s (0* l t • 71) 



MODIFICATIONS! All except DU, DL» CI* SC. SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(AQ) = 0* then ON; otherwise OFF 

Negative If C(AQ)0 = 1, then ON; otherwise OFF 



AND 



AND to Q 



376 (0) 



FORMAT: 



Basic Instruction Format (See Figure 2-1). 



SUMMARY! 



C(Q)i * C(Y)i -> C(Q)i for i s (0, 1, 35) 



MODIFICATIONS* All 
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BOOLEAN ANO 



INDICATORS: 



(Indicators not listed are not affected) 



Zero If C(Q) * 0, then ON ♦ otherwise OFF 

Negative If C(Q)0 = It then ON; otherwise OFF 



ANSA 



AND to Storage A 



355 (0) 



FORMAT * 



Basic Instruction Format (See Figure 2-i). 



SUMMARY * 



C(A)i k C(Y)i -> C(Y)l for i = (0, 1, 35) 



MODIFICATIONS: All except DU, OL, CI, SC. SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(Y) ~ 0, then ON; otherwise OFF 

Negative If C(Y)0 = It then ON; otherwise OFF 



NOTES* 



Attempted repetition with RPL causes an Illegal Procedure 
Fault. 



ANSQ 



ANO to Storage Q 



356 (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1). 



SUMMARY* 



C(Q)i 8. C(Y)i -> C(Y)i for i = (0, i, 35) 



MODIFICATIONS* All except OU, DL , CI, SC, SCR 



INDICATORSJ 



(Indicators not listed are not affected) 



Zero If C(Y) = 0, then ON; otherwise OFF 

Negative If C(Y)0 = 1, then ON; otherwise OFF 



NOTES* Attempted repetition with RPL causes an Illegal Procedure 

Faul t. 
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BOOLEAN ANO 



ANSXn 



ANO to Storage Xn 



3<»n (01 



FORMAT* 



Basic Instruction Format (See Figure 2-1). 



SUMMARY I 



For n = 0, l t • or 7 as determined t>y operation code 
C(Xn)i I cmi -> C(Y)i for i * 10* 1, 171 



MODIFICATIONS! All except DU, DL, CI* SC, SCR 



INDICATORS! 



(Indicators not listed are not affectea) 



Zero If C(Y)0,17 = 0* then ON; otherwise OFF 

Negative If C(Y)0 = 1, then ON; otherwise OFF 



NOTES! 



Attempted repetition with RPL causes an Illegal Procedure 
Faul t. 



ANXn 



ANO to Xn 



36n (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1). 



SUMMARY! 



For n = 0t I* •••* or 7 as determined by operation code 
C(Xn>i V C(Y)i -> C(Xn)i for i = (0* 1, •••« 17) 



MODIFICATIONS! All except CI, SC* SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(Xn) = 0, then ON ? otherwise OFF 

Negative If C(Xn)0 = 1, then ON; otherwise OFF 
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BOOLEAN OR 



'B oo lean-QR a 



ORA 



OR to A 



275 CO) 



FORMAT* 



Basic Instruction Format (See Figure 2-1) 



SUHMARYI 



C(A)1 J C(Y)i -> C(A)i for 1 - (0, 1, ...» 35) 



modifications: ai 



indicators: 



(Indicators not listed are not affected) 



Zero If CIA) = 0, then ON? otherwise OFF 

Negative If C(A)0 = 1, then ON; otherwise OFF 



ORAQ 



OR to AQ 



277 CO) 



FORMAT: 



Basic Instruction Format (See Figure 2-1). 



summary: 



C(AQ)i T CCY-pair)i -> C(AQ)i for i = CO, 1, 71) 



MODIFICATIONS: All except DU, 0L« CI* SC, SCR 



INDICATORS: 



(Indicators not listed are not affected) 



Zero If C(AQ) = 0* then ON J otherwise OFF 

Negative If CCAQ)0 = 1, then ON; otherwise OFF 



ORQ 



OR to Q 



276 (0) 



format: 



Basic Instruction Format (See Figure 2-1). 



SUMMARY: 



C<Q)i I C(Y)i -> C(Q)i for i = (0, 1, .... 35) 



modifications: am 

INDICATORS: (Indicators not listed are not affected) 

Zero If C(Q) = 0, then ONJ otherwise OFF 
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BOOLEAN OR 



Negative If C(Q)0 = 1, then ON * otherwise OFF 



ORSA 



OR to Storage ft 



255 10) 



FORMATI 



Basic Instruction Format CSee Figure 2-1). 



SUMMARY I 



CCAU I C(YU -> CCm for i = 10, 1, .... 35) 



MODIFICATIONS* All except OU, 0L« CI* SC, SCR 



INDICATORS* 



(Indicators not listed are not affected) 



Zero If C(Y) = 0, then ON; otherwise OFF 

Negative If C(Y)i = 1> then ON ? otherwise OFF 



NOTES* 



Attempted repetition with RPL causes an Illegal Procedure 
Fault. 



ORSQ* 



OR to Storage Q 



256 (0) 



FORMAT* 



Basic Instruction Format (See Figure 2-1). 



SUMMARY* 



C(Q)i I -CCYIi -> CCYI for i = CO, 1, 35) 



MODIFICATIONS* All except DU, OL, CI, SC, SCR 



INDICATORS* 



(Indicators not listed are not affected) 



Zero If C(Y> = 0, then ON; otherwise OFF 

Negative If C(Y)0 =1, then ON; otherwise OFF 



NOTES* 



Attempted repetition with RPL causes an Illegal Procedure 
Fault. 
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BOOLEAN OR 



ORSXn 



OR to Storage Xn 



Zkr\ (0) 



FORMAT : 



Basic Instruction Format (See Figure 2-1), 



SUMMARY! 



For n = 0* It •••• or 7 as determined oy operation code 
C(Xn)i I C(Y)i -> C(Y)i for i = (0, 1, .... 17) 



MODIFICATIONS! Ail except DU, OL * CI, SC, SCR 

INDICATORS: (Indicators not listed are not affected) 

Zero If C(Y)0,17 = 0 V then ON* otherwise OFF 

Negative If C(Y)0 = 1, then ON » otherwise OFF 



NOTESI 



Attempted repetition with RPL causes ai Illegal Procedure 
Fault. 



ORXn 



OR to Xn 



26n (0) 



.PORMATI 



Basic Instruction Format (See Figure 2-1). 



SUMMARY I 



For n = 0, 1, mm or 7 as determined oy operation code 
C(Xn)i I C(Y)i -> C(Xn)i for i = (0, 1, .... 17) 



MODIFICATIONS t All except CI, SC, SCR 



INDICATORS: 



(Indicators not listed are not affected) 



Zero If C(Xn) = 0, then ON; otherwise OFF 

Negative If C(Xn)0 = 1, then ON; otherwise OFF 
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BOOLEAN EXCLUSIVE OR 



'Bo o 1 ean'Exc I us A ve~QR a 



ERA 



EXCLUSIVE OR to A 



675 101 



FORMATS 



Basic Instruction Format (See Figure 2-l)» 



SUMMARY! 



C(A)i C C(Y)i -> C(A)i for i = CO, 1, ...» 35) 



MODIFICATIONS! All 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(A) = 0, then ON* otherwise OFF 

Negative If C(A)0 - 1* then ON; otherwise OFF 



ERAQ 



EXCLUSIVE OR to AO 



677 (0) 



FORMATS 



Basic Instruction Format (See Figure 2-1)* 



SUMMARY! 



C(AQU • C(Y-pair)l -> C(AQ)i for i - (0, 1, 71) 



MODIFICATIONS! All except DU, DL, CI, SC, SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(AQ) = 0, then ON? otherwise OFF 

Negative If C(AQ)0 = 1, then ON? otherwise OFF 



ERQ 



EXCLUSIVE OR to Q 



676 (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1), 



SUMMARY! 



C(Q)i t C(Y)i -> C(Q)i for i = (0, 1, ...» 35) 



MODIFICATIONS! All 



INDICATORS! 



(Indicators not listed are not affected) 



Zero 



If C(Q) - 0, then ON* otherwise OFF 
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BOOLEAN EXCLUSIVE OR 



Negative If C(Q)0 = 1, then ON? otherwise OFF 



ERSA 



EXCLUSIVE OR to Storage A 



655 CO) 



FORMAT J 



3asic Instruction Format (See Figure 2-1). 



SUMMARY t 



C(A)i t C(Y)i -> CCY)i for i = (0, 1, 35) 



MODIFICATIONS* All except OU. DL. CI* SC, SCR 



INDICATORS: 



(Indicators not listed are not affected) 



Zero If C(Y) = 0, then ON? otherwise OFF 

Negative If C(Y)0 = 1, then ON; otherwise OFF 



NOTES! 



Attempted repetition with RPL causes at Illegal Procedure 
Fault. 



ERSQ 



EXCLUSIVE OR to Storage Q 



656 (0) 



FORMATS 



Basic Instruction Format (See Figure 2-1). 



SUMMARYI 



C(Q)i t C(Y)i -> C(Y)i for i = (0, 1, ...» 35) 



MODIFICATIONS! All except DU « OL* CI» SCt SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C<Y) = 0, then ON; otherwise OFF 

Negative If C(Y)0 = i, then ON; otherwise OFF 



NOTES! 



Attempted repetition with RPL causes a-» Illegal Procedure 
Faul t. 
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300LEAN EXCLUSIVE OR 



ERSXn 



EXCLUSIVE OR to Storage Xn 



6<»n (0) 



FORMAT! 



3asic Instruction Format (See Figure 2-1) 



SUMMARY 1 



For n = 0t It •••• or 7 as determined oy operation code 
C(Xn)i • C(Y)i -> C(Y)i for i = (0, 1, .... 17) 



MODIFICATIONS: All except OU, OL, CI* SC 9 SCR 



INDICATORS: 



(Indicators not listed are not affected) 



Zero 



If C(Y>0,17 = 0, then ON; otherwise OFF 



NOTES: 



Attempted repetition with RPL causes an Illegal Procedure 
Fault* 



ERXn 



EXCLUSIVE OR to Xn 



66n (0) 



^FORMAT: 



Basic Instruction Format (See Figure 2-1). 



SUMMARY: 



For n = 0 1 1» • ••» or 7 as determined Dy operation code 
C(Xn)i e C(Y)i -> C(Xn)i for i = (0, 1, 17) 



MODIFICATIONS: All except CI, SC, SCR 



INDICATORS: 



(Indicators not listed are not affected) 



Zero If C(Xn) = 0, then ON? otherwise OFF 

Negative If C(Xn)0 - 1, then ON; otherwise OFF 
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** Boolean~Co m parat iwe~AN Q 



C ANA 



Comparative AND with A 



315 CO) 



FORMAT* 



Basic Instruction Format (See Figure 2-1). 



SUMMARY t 



C(Z)i = C(A)i S, C<Y)i for i = (0, 1, 35) 



MODIFICATIONS! All 



INDICATORS: 



(Indicators not listed are not affected) 



ZERO 



If C(Z) = 0« then ON; otherwise OFF 



Negative If C(Z)0 = 1, then ON; otherwise OFF 



CANAQ 



Comparative AND with AQ 



317 (0) 



FORMATI 



Basic Instruction Format (See Figure 2-1). 



SUMMARY J 



C(Z)i = C(AQ)i & CCY-pairU for i = (0, 1, .... 71) 



MODIFICATIONS! All except DU, DL, CI, SC» SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(Z) = 0* then ON; otherwise OFF 

Negative If C(Z)0 - 1, then ON; otherwise OFF 



CANQ 



Comparative AND with Q 



316 (0) 



FORMATS 
SUMMARY ! 



Basic Instruction Format (See Figure 2-1). 



C(Z)i = C(Q)i 8, C(Y)i for i * 10, 1, .... 35) 



MODIFICATIONS* All 



INDICATORS! 



(Indicators not listed are not affected) 



ZERO 



If C(Z) = 0, then 0N« otherwise OFF 
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BOOLEAN COMPARATIVE AND 



Negative If C<Z)0 = 1. then ON; otherwise OFF 



CANXn 



FORMAT: 
SUMMARY I 



Comparative AND with Xn 30n (0) 

Basic Instruction Format (See Figure 2-1). 

For n = 0* 1* • ••* or 7 as determined ay operation code 
C(Z)i = C<Xn)i 8, C(Y)i for i = (0, 1, 17) 



MODIFICATIONS: All except CI, SC, SCR 



INDICATORS: 



(Indicators not listed are not affected) 



Zero If C(Z) = 0, then ON; otherwise OFF 

Negative If C(Z)0 = 1» then ON; otherwise OFF 
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BOOLEAN COMPARATIVE NOT 



CNAA 



Comparative NOT with A 



215 (0) 



FORMATS 



Basic Instruction Format (See Figure 2-1). 



SUMMARY! 



C(Z)i = C(A)i i ~C(Y)i for i = (0, I, .... 35) 



MODIFICATIONS! All 



INDICATORS: 



(Indicators not listed are not affected) 



Zero It C(Z> = 0, then ON J otherwise OFF 

Negative If C(Z)0 = 1. then ON ; otherwise OFF 



CNAAQ 



Comparative NOT with AQ 



217 (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1). 



SUMMARY S 



C(Z)i ~ C(AQ)i & ~C(Y-pair)i for i = (0, 1, .., 71) 



MODIFICATIONS! All except DU, OL, CI, SC. SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(Z) = 0, then ON* otherwise OFF 

Negative If C(Z)0 = 1, then ON ; otherwise OFF 



CNAQ 



Comparative NOT with Q 



216 (01 



FORMAT! 



Basic Instruction Format (See Figure 2-1). 



SUMMARY! 



C(Z)i = C(Q)i S, ~C(Y)i for i = (0, 1, 35) 



MODIFICATIONS! All 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(Z) = 0* then ON; otherwise OFF 

Negative If C(Z)0 = 1* then ON; otherwise OFF 
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BOOLEAN COMPARATIVE NOT 



Xn 



Comparative NOT with Xn 



20n (0) 



FORMAT t 



Basic Instruction Format (See Figjre 2-1). 



SUMMARY! 



For n - 0, it • ••» or 7 as determined oy operation code 
CCZli = C!Xn)i S, ~C(Y)i for i = CO, 1. .... 17) 



MODIFICATIONS* All except CI. SC. SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(Z) = 0, then ON? otherwise OFF 

Negative If C(Z)Q = 1, then ON? otherwise OFF 
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FLOATING POINT DATA MOVEMENT LOAD 



'IQNS 



Tloat ioq-ppinT flalalMfly^mgnt Loads 



OFLO 



Oouble Precision Floating Load 



FORMAT! 



Basic Instruction Format (See Figure 2-1) 



SUMMARY! C(Y-pair>0,7 -> CIE) 

C(Y-pair>»,71 -> C<AQ)0,63 
00.. .0 -> C(AQ) 6U,71 

MODIFICATIONS! All except DU, OL * CI » SC, SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(AQ) = 0, then ON; otherwise OFF 

Negative If C(AQ)0 = 1. then ON; otherwise OFF 



FLO 



Floating Load 



FORMAT! 



Basic Instruction Format (See Figure 2-1) 



SUMMARY! 



C(Y) 0,7 -> CCE) 
C<Y>8,35 -> C(AQ)0,27 
00.. .0 -> C(AQ>30,71 



MODIFICATIONS! All except CI, SC, SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(AQ) = 0, then ON; otherwise OFF 

Negative IF C(AQ)0 - 1, then ON; otherwise OFF 
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Float l no-Pol nt Data-Movement . StoreJ 



DFST 



Double Precision Floating Store 



k57 (0) 



FORMATS 



Basic Instruction Format CSee Figure 2-1). 



SUMMARY* 



CCE) -> C(Y-pair)0,7 
C(AQ)0,63 -> C(Y-pair)8,71 



MODIFICATIONS* All except DU, DL» CI* SC, SCR 



INDICATORS* 



None affected 



NOTES* 



Attempted repetition with RPL causes a*) Illegal Procedure 
Faul t. 



OFSTR 



Double Precision Floating Store Rounded 



472 (0) 



FORMATS 



Basic Instruction Format (See Figure 2-1) 



SUMMARY* 



C(EAQ) rounded -> C(Y-pair) 



MODIFICATIONSS All except DU» DL* CI, SC, SCR 



INOICATORSS 



(Indicators not listed are not affected) 



Zero If C(Y-pair) = floating point 0, then 3N; otherwise OFF 

Negative If C(Y-pair)8 = 1, then ON* otherwise OFF 

Exponent If exponent is greater than ♦127, then ON* otherwise OFF 
Over f low 

Exponent If exponent is less than -128, then ON? otherwise OFF 
Under f I ow 



NOTESS 



The OFSTR instruction performs a double precision true 
round and normalization on C(EAQ) as it is stored* 



The definition of true round is located under the 
description of the Floating Round (FRD) instruction. 

The definition of normalization is located under the 
description of the Floating Normalize (FNO) instruction. 

Except for tne precision of the stored result* the DFSTR 
instruction is identical to the FSTR instruction. 
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FLOATING POINT DATA MOVEMENT STORE 



Attempted repetition with RPL causes an Illegal Procedure 
Faul t. 



FST 



Float ing Store 



i*55 (0) 



FORMAT I 



Basic Instruction Format (See Figure 2-1) 



SUMMARY 1 



C(E) -> C(Y10,7 
C(A>0,27 -> C(Y>8,35 



MODIFICATIONS* AM except OU, DL, CI, SC, SCR 



INDICATORS! 



None affected 



NOTES! 



Attempted repetition with RPL causes an Illegal Procedure 
Faul t. 



FSTR 



Floating Store Rounded 



*»70 (0) 



'FORMAT! 



3asic Instruction Format (See Figure 2-1). 



SUMMARY I 



C(EAQ) rounded -> C(Y) 



MODIFICATIONS: All except DU, DL, CI* SC, SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(Y) a floating point 0, then ON J otherwise OFF 

Negative If C(Y)8 = 1, then ON; otherwise OFF 

Exponent If exponent is greater than *127, then ON? otherwi se OF F 
Overt low 

Exponent If exponent is less than -128, then ON; otherwise OFF 
Under f I ow 



NOTES! 



The FSTR instruction performs a true round 
normalization on C(EAQ) as it is stored. 



and 



The definition of true round is located under the 
description of the Floating Round (FRO) instruction. 

The definition of normalization is located under the 
description of the Floating Normalize (FNO) instruction. 
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FLOATING POINT DATA MOVEMENT STORE 



Steps in the execution may be thought of as follows* 
Execute FNO 
Execute FST 

Restore C(EAQ) to original values* 

Attempted repetition with RPL causes art Illegal Procedure 
Fault. 
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FLOATING POINT 



ADDITION 



'LLQaiioaCE&int .AdfJiliflpa 



DFAO 



Double Precision Floating Add 



t*77 (0) 



FORMAT I 



Basic Instruction Format {See Figure 2-1), 



SUMMARY I 



(C(EAQ) ♦ C(Y-pair)) normalized -> C(EAQ) 



MODIFICATIONS* All except OU , OL . CI, SC, SCR 



INDICATORS: 
Zero 

Negative 

Exponent 
Overt I oh 

Exponent 
Under f I oh 

Carry 
NOTESI 



(Indicators not listed are not affected) 

If C(AQ| = Q, then ON » otherwise OFF 

If CtAQJO =1, then ON* otherwise OFF 

If exponent is greater than *127» then ON? otherwise OFF 

If exponent is less than -128, then 0N» otherwise OFF 

If a carry out of AQQ is generated, then ON; otherwise OFF 

The OFAD instruction may be thought of as a Double 
Precision Unnormal izard Floating Add (OUFA) instruction 
followed by a F I oat ing Normal ize (FNO) instruction* 

The definition of normalization is located under the 
description of the Floating Normalize CFNO) instruction. 



DUFA 



Double Precision unnormal ized Floating Add 



U37 (0) 



format: 



Basic Instruction Format CSee Figure 2-1) 



summary: 



C (EAQ) ♦ C(Y-pair) -> C(EAQ) 



MODIFICATIONS: All except DU, DL, CI, SC, SCR 
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FLOATING POINT AODITION 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(AQ) = 0, then ON; otherwise OFF 

Negative If C<AQ>0 = 1, then ON; otherwise OFF 

Exponent If exponent is greater than +127, then ON? otherwise OFF 
Overt I on 

Exponent If exponent is less than -128, then ON, otherwise OFF 
Underflow 



Carry 



If a carry out of AQO is generated* then ON; otherwise OFF 



NOTES! 



Except for the precision of the mantissa of the operand 
from main store, the DUFA instruction is identical to the 
UFA instruction. 



FAO 



Floating Add 



<»75 (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1) 



SUMMARY S 



(C(EAQ) ♦ C(Y)) normalized -> CCEAQJ 



MODIFICATIONS! All except CI, SC, SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(AQ) = 0, then ON; otherwise OFF 

Negative If C(AQ)0 = 1, then ON; otherwise OFF 

Exponent If exponent is greater than *127, then ON; otherwise OFF 
Overt I ow 

Exponent If exponent is less than -128, then ON; otherwise OFF 
Underflow 



Carry 



If a carry out of AQO is generated, then ON; otherwise OFF 



NOTES! 



The FAD instruction may be thought of a an Jnnormalized 
Floating Add (UFA) instruction followed by a Floating 
Normalize ( FN 0) instruction. 



The definition of normalization is located under the 
description of the Floating Normalize (FNO) instruction. 
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FLOATING POINT ADDITION 



UFA 



Unnorma lized Floating Add 



<»35 (0) 



FORMATI 



3asic Instruction Format (See Figure 2-1) 



SUMMARY I 



CIEAQ) ♦ C(Y) -> CCEAQ) 



MODIFICATIONS* All except CI. SC, SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero 

Negat ive 

Exponent 
Overt I ow 

Exponent 
Under f tow 

Carry 



NOTESI 



If C(AQ) a Of then ON; otherwise OFF 

If C(AQ)0 = li then ON; otherwise OFF 

If exponent is greater than + 127, then ON; otherwise OFF 

If exponent is less than -128, then ON; otherwise OFF 

If a carry out of AQO is generated, then ON; otherwise OFF 

The UFA instruction is executed as follows! 

The mantissas are aligned by shifting the mantissa of 
the operand having the algebraically smaller exponent 
to the right the number of places equal to the 
absolute value of the difference in the two 
exponents. Bits shifted beyond the bit position 
equivalent to AQ71 are lost. 

The algebraically larger exponent replaces C(E). 

The sum of the mantissas replaces C(AQ). 

If an overflow occurs during addition, then; 

CCAQ) are shifted one place to the right. 

C{AQ)0 is inverted to restore the sign. 

CCE) is increased by one. 
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floating point subtraction 



'Float.nq~pD.int SubicaciiflQa 



OFSQ 



Oouble Precision Floating Subtract 



577 CO) 



FORMAT X 



Basic Instruction Format (See Figure 2-1) 



SUMMARY: 



(C(EAQ) - C(Y-pair)) normalized -> C(EAQ) 



MODIFICATIONS: AM except OU, DL, CI. SC, SCR 



INDICATORS: 



(Indicators not listed are not affected) 



Zero 

Negat i ve 

Exponent 
Over f I ott 

Exponent 
Under f I oh 

Carry 



If C(AQ) = 0, then ON; otherwise OFF 

If C(AQ)0 = l t then ON; otherwise OFF 

If exponent is greater than *127, then ON, otherwise OFF 

If exponent is less than -128, then ON; otherwise OFF 

If a carry out of AQO is generated* then ON; otherwise OFF 



NOTES: 



The DFS8 instruction is identical to the Double Precision 
Floating Add (OFAD) instruction witn the exception that 
the 2's complement of the mantissa of the operand from 
main store is used* 



OUFS 



Double Precision unnormal ized Floating Subtract 537 (0) 



FORMAT: 



Basic Instruction Format (See Figure 2-1), 



summary: 



C(EAQ) - C(Y-pair) -> C(EAQ) 



MODIFICATIONS: AH except DU, DL, CI, SC, SCR 



INDICATORS i 



(Indicators not listed are not affected) 



Zero 

Negat i ve 

Exponent 
Overt I ow 

Exponent 
Under f I ow 



If C(AQ) = 0, then ON; otherwise OFF 
If C(AQ)0 = 1, then ON? otherwise OFF 

If exponent is greater than +127, then ON? otherwise OFF 
If exponent is less than -128, then on; otherwise OFF 
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FLOATING POINT SUBTRACTION 



Carry 



If a carry out of AQO is generated* than ON; otherwise OFF 



NOTES* 



Except for the precision of the mantissa of the operand 
from main store, the DUFS instruction is indentical with 
the UFS instruction. 



FSB 



Floating Subtract 



575 (0) 



FORMATS 



Basic Instruction Format (See Figure 2-1). 



SUMMARY t 



(C(EAQ) - C(Y>> normalized -> C(EAQ) 



MODIFICATIONS! AM except CI* SC, SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(AQ) = 0* then ON; otherwise OFF 

Negative If C(AQ)0 = 1, then ON* otherwise OFF 

Exponent If exponent is greater than +127* then ON; otherwise OFF 
Overflow 

Exponent If exponent is less than -128, then ON; otherwise OFF 
Under f low 



Carry 



If a carry out of AQO is generated* then ON; otherwise OFF 



NOTES: 



The FSB instruction may be thought of as an Unnormalzied 
Floating Subtract CUFS) instruction followed by a Floating 
Normalize (FNO) instruction. 

The definition of normalization is located under the 
description of the Floating Normalize (FNO) instruction. 



UFS 



Unnormalized Floating Subtract 



535 (0) 



format: 



Basic Instruction Format (See Figure 2-1) 



SUMMARY: 



C(EAQ) - C(Y) -> C(EAQ) 



MODIFICATIONS: All except CI, SC, SCR 
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FLOATING POINT SUBTRACTION 



INDICATORS* 



(Indicators not listed are not affected) 



Zero 

Negative 

Exponent 
Overt I om 

Exponent 
Underf tow 

Carry 



If C(AQ) = 0* then ON; otherwise OFF 
If CCAQJO = It then ON; otherwise OFF 

If exponent is greater than +127, then ON? otherwise OFF 

If exponent is less than -128» then ON; otherwise OFF 

If a. carry out of AQO is generated* then ON; otherwise OFF 



NOTES* 



The UFS instruction is identical to the Unnornalized 
Floating Add (UFA) instruction with the exception that the 
2"s complement of the mantissa of tie operand from main 
store is used. 
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FLOATING POINT MULTIPLICATION 



LLQating-Palnt ttul tlaHcailflna 



OFMP 



Double Precision Floating Multiply 



<»63 (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-11 • 



SUMMARY! 



(C(EAQ) x C(Y-pair)) normalized -> CCEftO) 



MODIFICATIONS! All except OU, DL» CI, SC, SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero 

Negative 

Exponent 
Over f I om 

Exponent 
Underf low 



If C(AQ) = 0, then ON ? otherwise OFF 

If C(AQ10 - l v then ON5 otherwise OFF 

If exponent is greater than *127, then ON; otherwise OFF 

If exponent is less than -128, then ON? otherwise OFF 



NOTES! 



The OFMP instruction may be thought of as a Double 
Precision Unformalized Floating Multiply CDUFH) 
instruction followed by a Floating Normalize CFNO) 
instruction. 

The definition of normalization is located under the 
description of the Floating Normalize (FNO) instruction. 



DUFM 



Double Precision Unnormal ized Floating Multiply «»23 (01 



FORMAT! 



Basic Instruction Format (See Figure 2-1). 



SUMMARY X 



C(EAQ) x C(Y-pair) -> C(EAQ) 



MODIFICATIONS! All except DU, DL, CI, SC, SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero 

Negat i ve 

Exponent 
Overf I ow 

Exponent 
Underf I ow 



If C(AQ) = 0, then ON ? otherwise OFF 

If C(AQ)0 = 1 , then ON? otherwise OFF 

If exponent is greater than +127, then ON; otherwise OFF 

If exponent is less than -128, then ON? otherwise OFF 
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FLOATING POINT MULTIPLICATION 



NOTES* 



Except for the precision of the mantissa of the operand 
from main store, the DUFM instruction is identical to the 
Unformalized Floating Multiply CUFM) instruction. 



FMP 



Floating Multiply 



<»61 (0) 



FORMAT* 



Basic Instruction Format (See Figure 2-1) 



SUMMARY I 



(CCEAQ) x C(Y)) normalized -> C(EAQJ 



MODIFICATIONS* All except CI* SC, SCR 



INDICATORS* 



(Indicators not listed are not affected) 



Zero If C(AQ) = 0, then ON; otherwise OFF 

Negative If C(AQ)Q = 1, then ON* otherwise OFF 

Exponent If exponent is greater than + 127 f then ON? otherwise OFF 
Overt I o*t 

Exponent If exponent Is less than -128, then ON; otherwise OFF 
Under f low 



NOTES* 



The FMP instruction may be thought of as an Unnormalized 
Floating Multiply (UFM) instruction followed by a Floating 
Normalize (FNO) instruction* 

The definition of normalization is located under the 
description of the Floating Normalize (FNO) instruction. 



UFM 



Unnormalized Floating Multiply 



t*Zl (0) 



FORMAT* 



Basic Instruction Format (See Figure 2-1). 



SUMMARY t 



C(EAQ) x C(Y) -> C(EAQ) 



MODIFICATIONS* All except CI, SC, SCR 



REVIEW ORAFT 
SUBJECT TO CHANGE 
October, 1975 



2-91 



AL39 



FLOATING POINT MULTIPLICATION 



INDICATORS* 



(Indicators not listed are not affected) 



Zero 



If 



C(AQ) 



= 0, then ON? otherwise OFF 



Negative 



If 



CCAQ)0 



- 1, then ON; otherwise OFF 



Exponent 
Overt I oh 



If 



exponent is greater than +127, then ON; otherwise OFF 



Exponent 
underf low 



If 



exponent is less than -128, then ONJ otherwise OFF 



NOTES! 



The UFM instruction is executed as follows* 



C(E) «• C(Y>0,7 -> C(E) 

(C(ACU x C(Y)S, 35) 0.71 -> CCAQ) 

A normalization is performed only in the case of both 
factor mantissas being 100... 0 which is the 2"s complement 
approximation to the decimal value -1.0. 

The definition of normalization is located under the 
description of the Floating Normalize CFNO) instruction. 
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FLO AT ING POINT DIVISION 



Tloatinq'Pftint Pivisiona 



ofoi 



Douole Precision Floating Oivide Inverted 



527 10) 



FORMATt 



Basic Instruction Format (See Figure 2-1). 



SUMMARY 1 



C(Y-pair) / CCEAQ) -> C(EAQ) 



MODIFICATIONS: All except DU, 01, CI V SC. SCR 



INDICATORS* 



(Indicators not listed are not affected) 



1-L.di vision tahas place* 



sion takes ol eeel 



Zero 



If C(AQ> = 0, then ON; 
otherwise OFF 



If divisor mantissa = 0» 
then ON t otherwise OFF 



Negative If C(AQ)0 = 1, then ON? If dividend < 0, then ON? 

otherwise OFF otherwise OFF 

Exponent If exponent is greater than +127 * then ON? otherwise OFF 
Over f I oh 

Exponent If exponent is less than -128 , then ON? otherwise OFF 
Underf low 



NOTES! 



Except for the interchange of the roles of the operands, 
the execution of the DFOI instuction is identical to the 
execution of the Double Precision Floating Divide (OFOV) 
instruction* 



If the divisor mantissa C(AQ) is zero, the division does 
not take place. Instead, a Divide Check Fault occurs and 
all registers remain unchanged. 



DFDV 



Double Precision Floating Divide 



567 (0) 



FORMATt 



Basic Instruction Format (See Figure 2-11 



SUMMARY I 



C(EAQ) / CCY-pair) -> C(EAQ) 



MODIFICATIONS! All except DU, DL« CI* SC, SCR 



REVIEW ORAFT 
SUBJECT TO CHANGE 
October, 1975 



2-93 



AL39 



FLOATING POINT OIVISION 



INOICATORSl 



(Indicators not listed are not affected) 



11. .ail 



II no division Taj 



Zero 



If CCAO) = 0, then ON » 
otherwise OFF 



If divisor mantissa = 0, 
then ON; otherwise OFF 



Negative If C(AQ)0 = 1, then ON? If dividend < 0, then ON; 

otherwise OFF otherwise 3FF 

Exponent If exponent is greater than + 127, then ON; otherwise OFF 
Over f I ow 

Exponent If exponent is less than -128, then ON; otherwise OFF 
Under f low 



NOTES* 



The DFOV instruction is executed as follows! 

The dividend mantissa C(AQ) is shifted right and the 
dividend exponent C(E) increased accordingly until 
!C(AQ)0,63I < JC lY-pair) 8,711. 

CCE) - C(Y-pair)0,7 -> CCE1 

CCAQ) / C(Y-pair)8,71 -> C(AQ)0,63 

00... 0 -> C(Q)6^,71 

If the divisor mantissa C(Y-pair) 8,71 is zero, the 
division does not take place. Instead, a Divide Check 
fault occurs, C(AQ) contains the dividend magnitude, and 
the Negative indicator reflects the dividend sign. 



FOI 



Floating Divide Inverted 



525 (0) 



FORMAT J 
SUMMARY X 



Basic Instruction Format (See Figure 2-1) 

C(Y) / C(EAQ) -> C(EA) 
00.. .0 -> CIO) 



MODIFICATIONS! All except CI, SC, SCR 
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FLOATING POINT DIVISION 



INDICATORS* 



{Indicators not listed are not affected) 



JLL-dlaision takes. Blacfti Li.-HQ.sLL^Ls.LQ.i 



Zero 

Negat ive 



Exponent 
Over! I om 

Exponent 
Under f I om 



If C<A) = 0, then ON; 
otherwise OFF 

If CCA)0 = 0, then ON ♦ 
otherwise OFF 



If divisor mantissa = 0* then 
ON; otherwise OFF 

If dividend < 0, then ON; 
otherwise DFF 



If exponent is greater than *127» then on; otherwise OFF 
If exponent is less than -128, then ON; otherwise OFF 



NOTES J 



Except for the interchange of roles of the operands* the 
execution of the FDI instruction is identical to the 
execution of the Floating Divide (FDV) instruction. 

If the divisor mantissa C(AQ) is zeroi the division does 
not take place. Instead* a Di vi de-Check fault occurs and 
all the registers remain unchanged. 



FDV 



Float ing Divide 



565 (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1) • 



SUMMARY 



C(EAQ) / ClY) -> C(EA) 
00.. .0 -> C«Q) 



MODIFICATIONS* All except CI * SC* SCR 



INDICATORS! 



(Indicators not listed are not affected) 



If division takes placet If no divL 



Zero 



If C(A) = 0, then ON; 
otherwise OFF 



Negative If C ( A) 0 = 1, then ON; 



If divisor mantissa = 0* then 
ON; otherwise OFF 

If dividend < 0, then ON* 



Exponent 
Over f I ow 

Exponent 
Underf low 



otherwise OFF otherwise OFF 

If exponent is greater than *127, then ON; otherwise OFF 

If exponent is less than -128* then ON; otherwise OFF 
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FLOATING POINT DIVISION 



NOTESI The FDV instruction is executed as follows I 

The dividend mantissa CCAQ.) is shifted right and the 
dividend exponent C(E) increased accordingly until 
IC(AQ)0,27I < !C(Y>8,351. 

CCE) - CCY>0,7 -> CCE) 

CCAQ) / C(Y)8, 35 -> CCA) 

00.. .0 -> C(QJ 

If the divisor mantissa C(Y)8,35 is zero* the division 
does not take place. Instead, a Oivide Check fault 
occurs, CIAQ) contains the dividend magnitude, and the 
Negative indicator reflects the dividend sign. 
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FLOATING POINT NEGATE 



" f 1 oating~P o int Negat ed 



FNEG 



Floating Negate 



513 (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1). 



SUMMARY* 



-C(AQ) normalized -> CCAQ) 



MODIFICATIONS J All* but none affect instruction execution. 



INDICATORS: 



(Indicators not listed are not affected) 



Zero If C(AQ) * 0* then ON; otherwise OFF 

Negative If C(AQ)Q = 1, then ON; otherwise OFF 

Exponent If exponent is greater than *127« then ON; otherwise OFF 
Overt I om 

Exponent If exponent is less than -128, then ON; otherwise OFF 
Under f low 



NOTES) 



This instruction changes the number in C(EAQ) to its 
normalized negative (if C(AQ) * 0). The operation is 
executed by first forming the two's complement of C(AQ), 
and then normalizing C(EAQ). 

Even if originally C(EAQ) were normalized* an exponent 
overflow can still occur* namely when C(E) = +127 and 
C(A0.) - I0Q...O which is the 2 a s complement approximation 
for the decimal value -1.0. 

The definition of normalization may be found under the 
description of the Floating Normalize (FNO) instruction. 

Attempted repetition with RPL causes an Illegal Procedure 
Fault. 
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FLOATING POINT NORMALIZE 



^Floatingpoint Norma tiz&a 

FNO Floating Normalize 573 (0) 

FORMAT* Basic Instruction Format (See Figure 2-11. 

SUMMARY* C(EAQ) normalized -> CCEAQI 

MODIFICATIONS! A 1 1 » but none affect instruction execution* 

INDICATORS* (Indicators not listed are not affected) 

Zero If C(EAQ) = floating point 0, then ON; otherwise OFF 

Negative If C(AQ)0 = It then ON; otherwise OFF 

Exponent If exponent is greater than +127, then ON; otherwise OFF 
Overflow 

Exponent If exponent is less than -128, then ON otherwise OFF 
Under f I ow 

Overflow Set OFF 

*NOTESt The FNO instruction normalizes the nuiber in C(EAQ) if 

C(AQ) * 0 and the Overflow indicator is OFF. 

A normalized floating number is de-fined as one whose 
mantissa lies in the interval £0.5, 1.0 1 such that 

0.5 <= !C(AQ)i < 1.0 

which, in turn, requires that CCAQJ0 t C(AQ)1. 

If the Overflow indicator is ON, then CtAQ) is shifted one 
place to the right, C(AQ)0 is inverted to reconstitute the 
actual sign, and the Overflow indicato- is set OFF. 

Normalization is performed by shifting C(AQ)l,7l one place 
to the left and reducing C(E) by 1, repeatedly, until the 
conditions for C(AQ)0 and C(AQJ1 are met. Bits shifted 
out of AQ1 are lost. 

If C(AQ) = 0, then C(E) is set to -128 and the Zero 
indicator is set OH. 



The FNO instruction can be used to correct overflows that 
occur with fixed point numbers. 

Attempted repetition with rpl causes an Illegal Procedure 
Fault. 
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FLOATING POINT ROUND 



»o int Round s 



DFRD 



Double Precision Floating Round 



<»73 (0) 



FORMATS 



Basic Instruction Format (See Figure 2-1). 



SUMMARY* 



C(EAQ) rounded to 6<» bits -> CfEAOJ 



MOOIFICATIONSl All, but none affect instruction execution, 



INOICATORSJ 



(Indicators not listed are not affected) 



Zero If C(EAQ) = floating point 0, then ON * otherwise OFF 

Negative If C(AQ)0 = 1, then 0N» otherwise OFF 

Exponent If exponent is greater than *127, then ON? otherwise OFF 
Overt I ow 

Exponent If exponent is less than -128, then ON; otherwise OFF 
Under f I ow 



NOTESI 



The DFRD instruction is identical to the Floating Round 
(FRD) instruction except that the rounding constant used 
is (11.. .1)65,71 instead of (11... 1)29,71. 

Attempted repetition with RPL causes an Illegal Procedure 
Fault. 



FRO 



F I oat ing Round 



tt71 (0) 



FORMAT 1 



Basic Instruction Format (See Figure 2-1). 



SUMMARY I 



C(EAQ) rounded to 28 bits -> C(EA&) 



MODIFICATIONS! All, but none affect instruction execution, 



INDICATORS* 



(Indicators not listed are not affected) 



Zero If C(EAQ) = floating point 0, then ON; otherwise OFF 

Negative If C(AQ)0 = 1 then ON? otherwise OFF 

Exponent If exponent is greater than +127, then ON; otherwise OFF 
Overt I ow 

Exponent If exponent is less than -128, then on; otherwise OFF 
Under f I ow 
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FLOATING POINT ROUND 



NOTESt II CCAQ) t 0, the FRD instruction performs a true round to 

a precision of 28 bits and a normalization on C(EAQ). 

A true round is a rounding operation such that the sum of 
theresult of applying the operation to two nunbers of 
equal magnitude but opposite sign is exactly zero. 

The FRO instruction is executed as follows* 

C(AQ) ♦ (11. ..1)29, 71 -> CCAQ.) 

If CfAQJQ = 0, then a carry is added at AQ71 

If overflow occurs* C(AQ) is shifted one place to the 
right and CCE) is increased by 1. 

If overflow does not occur, C(EAQ) is normalized. 

If C(AQ) = 0, C(E) is set to -128 and the Zero indicator 
is set ON. 

Attempted repetition with RPL causes an Illegal Procedure 
Faul t. 
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FLOATING POINT COMPARE 



~E»oatinq~Pgint Cowpacaa 



DFCMG 



Double Precision Floating Compare Magnitude 



kZ7 (0) 



FORMAT* 



Basic Instruction Format (See Figure 2-11, 



SUMMARY! 



1C(E,AQ0 V 63)I St IC(Y-pair)l 



MODIFICATIONS* All except DU» DL» CI* SC, SCR 



indicators: 



(Indicators not listed are not affected) 



Zero If :C(E,AQ0,63) I = lC(Y-pair)!, then 0*1 otherwise OFF 

Negative If i C (E»AQ0»63) 1 < lC(Y-pair)!, then ON; otherwise OFF 



NOTES! 



The DFCMG instruction is identical to the Double Precision 
Floating Compare (OFCMP) instruction except that the 
magnitudes of the mantissas are compared instead of the 
algebraic values* 



OFCMP 



Double Precision Floating Compare 



517 (0) 



FORMATS 



Basic Instruction Format CSee Figure 2-1) 



SUMMARY: 



CCE,AQ0,63) SS CCY-pair) 



MODIFICATIONSS All except OU« DL* CI. SC. SCR 



INDICATORS: 



(Indicators not listed are not affected) 



Zero If CtE,AQ0,63) = C(Y-pair). then ON; otherwise OFF 

Negative If C(E.AQ0,63) < C(Y-pair), then ON? otherwise OFF 



NOTES: 



The DFCMP instruction is identical to the Floating Compare 
(FCMP) instruction except for the precision of the 
mantissas actually compared. 
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FLOATING POINT COMPARE 



FCMG 



Floating Compare Magnitude 



<»25 (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1). 



SUMMARY! 



IC(E,AQ0,27)1 II 1C(Y)I 



MODIFICATIONS! All except CI , SC, SCR 



INDICATORS* 



(Indicators not listed are not affected) 



Zero If !C(E,Aqo,27) 1 = 1C(Y)I, then ON; otherwise OFF 

Negative If ] C (E,AQ0 ,27) I < 1C(Y)I, then ON; otherwise OFF 



NOTES! 



The FCMG instruction is identical to the Floating Compare 
(FCMP) instruction except that the magnitudes of the 
mantissas are compared instead of the algebraic values. 



FCMP 



Floating Compare 



515 CO) 



FORMAT! 

> 

SUMMARY! 



Basic Instruction Format (See Figure 2-1) 



C(E,AQ0,27) I! C(Y) 



MODIFICATIONS! All except CI, SC, SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(E,AQ0,27) = C(Y), then ON; otherwise OFF 

Negative If C(E,AQQ,27) < C(Y), then ON; otherwise OFF 



NOTES! 



The FCMP instruction is executed as follows! 

The mantissas are aligned by shifting the mantissa of 
the operand with the algebraical!/ smaller exponent 
to the right the number of places equal to the 
difference in the two exponents* 



The aligned mantissas are compared and the indicators 
set accordingly* 
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FLOATING POINT MISCELLANEOUS 



^Floating-point Miscell aneousa 



AOE 



Add to Exponent 



<*15 (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1) 



SUMMARY I 



C(E) ♦ C(Y)0,7 -> CIE) 



MODIFICATIONS! All except CI, SC, SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero 

Negative 

Exponent 
Overt I oh 

Exponent 
Under f low 



Set OFF 
Set OFF 

If exponent is greater than ♦127, then ON? otherwise OFF 
If exponent is less than -128, then ON; otherwise OFF 



FSZN* 



Floating Set Zero and Negative Indicators 



%30 (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1). 



SUMMARY! 



Set indicators according to C(Y) 



MODIFICATIONS! All except CI, SC, SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(Y)3,35 = 0, then ON? otherwise OFF 

Negative If C(Y)8 = 1, then ON? otherwise OFF 



LDE 



Load Exponent 



til (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1) • 



SUMMARY! 



C(Y)0,7 -> C(E) 



MODIFICATIONS! All except CI, SC, SCR 
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FLOATING POINT MISCELLANEOUS 



INDICATORS! 



(Indicators not* listed are not affected) 



Zero Set OFF 

Negative Set OFF 



STE 



Store Exponent 



<*56 (0) 



FORMATS 



Basic Instruction Format CSee Figure 2-1). 



SUMMARY* 



C<E) -> C(YI0,7 

oo.. .o -> cms, 17 



MODIFICATIONS* All except DU, DLt CI * SC, SCR 



INDICATORS* 



None affected 



3 
3 
3 
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TRANSFER 



"TRANSFERS INSTRUCTIONS 



CALL6 



Call (Using PR6 and PR7) 



713 10} 



FORMATS Basic Instruction Format CSee Figure 2-11 • 

SUMMARY! If CCTPR.TRR) < CCPPR.PRRI then 

C(OSBR.STACK) I J C(TPR.TRR) -> C (PR7 • SNR) 

If C CTPR.TRR) * CCPPR.PRR) then 
C (PR6.SNR) -> C(PR7.SNR) 

CCTPR.TRR) -> CCPR7.RNR) 

If C(TPR.TRR) s 0 then 
CCSDW.P) -> CCPPR.P); 
otherwise 0 -> CCPPR.P) 

00.. .0 -> CCPR7.W0RDN0) 

00.. .0 -> CCPR7.BITN0) 

CCTPR.TRR) -> CCPPR.PRR) 

CCTPR.TSR) -> CCPPR.PSRI 

CCTPR.CA) -> CCPPR.IC) 

* 

MODIFICATIONS! All except OU* OL* CI* SC* SCR 



INDICATORS! 



None affected 



NOTESS 



If CCTPR.TRR) > CCPPR.PRRI * 
Outward Call, occurs and 
executed. 



an Access Violation Fault, 
the CALLS instruction is not 



If the CALL6 instruction is executed with the Processor in 
Absolute Mode with bit 29 of the instrjction word equal to 
0 and without indirection through an ITP or ITS pair, 
then... 

the Appending Hode is entered for the address 
preparation of the CALL6 operand address and is 
retained if the instruction executes successfully* 
and... 

the Effective Segment Number generated for the SDH 



fetch and subsequent loaeing into C(TPR.TSR) is equal 
to CCPPR.PSRI and may be undefined in Absolute Mode* 
and... 

the Effective Ring Number loaded into CCTPR.TRR) 
prior to the SOW fetch is equal to CCPPR.PRR) Cwhich 
is 0 in Absolute Hode) implying that the Access 
Violation checks for Outward Call and Bad Outward 
Call are ineffective and that an Access Violation, 
Out of Call Brackets will occur if CCS0W.R1) * 0. 



REVIEW DRAFT 
SUBJECT TO CHANGE 
October * 1979 



2-105 



AL39 



TRANSFER 



Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 



RET Return 630 (0) 

FORMAT! Basic Instruction Format (See Figure 2-1), 

SUMMARY t CCY>0,17 -> CCPPR.ICI 

C(Y)18,31 -> CCIR) 

MODIFICATIONS! All except DU, OL, CI* SC, SCR 

INDICATORS! CIndicators not listed are not affected) 

Parity If C<Y)27 = It and the Processor is in Absolute or 

Mask Privileged Node* then ON? otherwise 3FF. This indicator 

is not affected in the Normal or BAR modes* 

Not BAR Cannot be changed by the RET instruction 
Mode 

Multiword If CCYI30 = 1* and the Processor is in Absolute or 

* Instruction Privileged mode, then ON, otherwise 3FF. This indicator 

Fault is not affected in Normal or BAR modes. 

Absolute Cannot be changed by the RET instruction 
Mode 

All Other If corresponding bit in C(Y) is 1, then ON; otherwise, OFF 
Ind icators 

NOTES! The relation between CCY) 18,31 and the indicators is given 

in Table 2-5. 

The Tally Runout indicator reflects C(Y)25 regardless of 
what address modification is performed on the RET 
instruction for tally operations. 

The RET instruction may be thought of as a Load Indicators 
(LDI) instruction followed by a transfer to location 
C(Y)0,17. 

Attempted repetition with RPT, RPO, or RPL causes an 
Illegal Procedure Fault. 
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TRANSFER 



RTCD Return Control Double 610 CO) 



FORMAT! Basic Instruction Format (See Figure 2-11. 



SUMMARY S CCY-pair)3*l7 -> CCPPR.PSR) 

Maximum of 

C(Y-palr)18,20; CCTPR.TRR); C(SDH.Rl) -> CCPPR.PRR) 
CCY-pair)36,53 -> CCPPR.IC) 

If CCPPR.PRR) ' 0 then CISOW.P) -> CCPPR.P)? 
otherwise 0 -> C(PPR.P) 

CCPPR.PRR) -> CtPRn.RNR) for n * (0, 1, ...* 7) 



MODIFICATIONS* All except DU* DL« CI* SC, SCR 



INDICATORS* None affected 



NOTES* The hardware assumes that C(Y)17 = 0; to check is made. 

If an access violation occurs when fetching the SOW for 
location Y t the CCPPR.PSR) and CCPPR.PSR) are not altered. 

If the RTCD instruction is executed with the Processor in 
Absolute Mode with bit 29 of the instruction word equal to 
0 and without indirection through an ITP or ITS pair, 
then... 

the Appending Mode is entered for the address 
preparation of the RTCD operand address and is 
retained if the instruction executes successfully* 
and.. . 

the Effective Segment Number generated for the SDH 
fetch and subsequent loading into CCTPR.TSR) is equal 
to CCPPR.PSR) and may be undefined in Absolute Mode* 
and.. • 

the Effective Ring Number loaded into CCTPR.TRR) 
prior to the SOW fetch is equal to CCPPR.PRR) Cwhich 
is 0 in Absolute Mode) implying that control is 
always transferred into Ring 0. 

Attempted repetition with RPT* RPD, or RPL causes an 
Illegal Procedure Fault. 
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TEO 



Transfer On Exponent Overflow 



614 (0) 



FORMAT! 



Basic Instruction Format CSee Figure 2-1). 



SUMMARY! 



If Exponent Overflow indicator ON then 

C(TPR.CA) -> C(PPR.IC) 

C f TPR.TSR) -> C(PPR.PSR) 
otherwise, no change to CCPPR) 



MODIFICATIONS! All except OU, DL, CIt SC» SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Exponent Set OFF 
Over f I ok 



NOTES! 



Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault* 



TEU * 



Transfer on Exponent Underflow 



615 (0) 



FORMAT! 



Basic Instruction Format CSee Figure 2-1), 



SUMMARY! 



If Exponent Underflow indicator ON then 

CfTPR.CA) -> CIPPR.IC) 

C( TPR.TSR) -> CCPPR.PSR) 
otherwiset no change to CCPPR) 



MODIFICATIONS! All except DU, OL, CI. SC, SCR 



INDICATORS! 



(Indicators not listed are not affected) 



Exponent Set OFF 
Under f low 



NOTES! 



Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault* 
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TRANSFER 



TMI 



Transfer on Minus 



60<» (0) 



FORMATS 
SUMMARY! 



Basic Instruction Format (See Figure 2-1) 

If Negative Indicator ON then 

C(TPR.CA) -> C(PPR.IC) 

C(TPR.TSR) -> C(PPR.PSR) 
otherwise* no change to CtPPR) 



MODIFICATIONS* All except DU, OL» CI, SC. SCR 



INDICATORS! 



None affected 



NOTES* 



Attempted repetition Hith RPTt RPD* or RPL causes an 
Illegal Procedure Fault. 



TMOZ 



Transfer On Minus or Zero 



60»» (1) 



FORMATS 



Basic Instruction Format (See Figure 2-il, 



SUMHARYS 



If Negative or Zero indicator ON then 

C(TPR.CA) -> CCPPR.ICI 

C(TPR.TSR) -» C(PPR.PSR) 
otherwise, no change to CCPPR) 



MODIFICATIONS* All except OU* OL* CI» SC* SCR 



INDICATORS* 



None affected 



NOTES* 



Attempted repetition Hith RPT* RPD* or RPL causes an 
Illegal Procedure Fault. 



TNC 



Transfer on No Carry 



602 (0) 



FORMAT* Basic Instruction Format (See Figure Z-ll. 

SUMMARY* If Carry Indicator OFF then 

C(TPR.CA) -> C(PPR.IC) 
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TRANSFER 



C(TPR.TSR) -> C(PPR.PSR> 
otherwise, no change to C(PPR) 

MODIFICATIONS! All except DU, OL, CI • SC, SCR 

INOICATORSt None affected 

NOTES! Attempted repetition with RPT, RPOt or RPL causes an 

Illegal Procedure Fault* 



TNZ Transfer On Not Zero 601 (0) 

FORMATS Basic Instruction Format (See Figure 2-11 « 

SUMMARY I If Zero indicator OFF then 

C(TPR.CA) -> CfPPR.ICl 
C(TPR.TSR) -> CfPPR.PSR) 
otherwise* no change to CCPPR) 

* 

MODIFICATIONS! All except, DU» OL, CI, SC, SCR 
INDICATORS! None affected 

NOTESI Attempted repetition with RPT, RPO, or RPL causes an 

Illegal Procedure Fault. 



TOV Transfer On Overflow 617 (0) 

FORMAT* Basic Instruction Format (See Figure 2-1). 

SUMMARY! If Overflow indicator ON then 

C(TPR.CA) C(PPR.ICl 
C(TPR.TSR) -> C(PPR.PSR) 



otherwise, no change to CCPPR) 
MODIFICATIONS! All except DU, DL, CI, SC, SCR 
INDICATORS! (Indicators not listed are not affected) 
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TRANSFER 



Overflow Set OFF 



NOTESI 



Attempted repetition with RPT, RPO, or RPL causes an 
Illegal Procedure Fault. 



TPL 



Trans fer on P lus 



605 (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-11 



SUMMARY* 



If Negative indicator OFF* then 
CCTPR.CAI -> CCPPR. ICI 
CCPTR.TSR) -> C(PPR.PSR) 

otherwise, no change to CCPPR) 



MODIFICATIONS* AM except OU. DL, CI, SC, SCR 



INDICATORS* 



None affected 



NOTES* 



Attempted repetition with RPT, RPO, or RPL causes an 
Illegal Procedure Fault. 



TPNZ 



Transfer on Plus and Nonzero 



605 (1) 



FORMATS 
SUMMARY* 



Basic Instruction Format (See Figure 2-1). 

If Negative and Zero indicators are OFF then 

CCTPR.CA) -> C(PPR.IC) 

CCTPR.TSRI -> CCPPR.PSR) 
otherwise, no change to CCPPR) 



MODIFICATIONS* All except DU, OL, CI, SC, SCR 



INDICATORS* 



None affected 



NOTES* 



Attempted repetition with RPT, RPO, or RPL causes an 
Illegal Procedure Fault. 
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TRANSFER 



TRA Transfer Unconditionally 710 (0) 

FORMAT! Basic Instruction Format (See Figure 2-1). 

SUMMARY I C(TPR.CA) — > C(PPR.IC) 

C(TPR.TSR) — > C(PPR.PSR) 

MODIFICATIONS: All except DU, DL , CI, SC, SCR 

INDICATORS! None affected 

NOTES! Attempted repetition with RPT, RPD, or RPL causes an 

Illegal Procedure Fault. 



TRC 



Transfer on Carry 



603 (0) 



FORMATS 



Basic Instruction Format (See Figure 2-1). 



SUMMARY! 



If Carry indicator ON then 
C(TPR.CA) C(PPR.IC) 
C(TPR.TSR) -> C(PPR.PSR) 

otherwise* no change to CCPPRI 



MODIFICATIONS! All except OU, DL* CI, SC* SCR 



INDICATORS! 



None affected 



NOTES! 



Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 



TRTF 



Transfer on Truncation Indicator OFF 



601 (1) 



FORMAT! 



Basic Instruction Format (See Figure 2-1). 



SUMMARY! If Truncation Indicator OFF then 

C(TPR.CA) -> C(PPR.IC) 
C(TPR.TSR) -> C(PPR.PSR) 
otherwise* no change to CfPPR) 
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TRANSFER 



MODIFICATIONS* All except DU, OL« CI, SC, SCR 



INOICATORSt 



None affected 



NOTES! 



Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault* 



TRTN 



Transfer on Truncation Indicator ON 



600 (1) 



FORMAT* 
SUMMARY I 



Basic Instruction Format CSee Figure 2-1) 

If Truncation Indicator ON then 

CITPR-CA) -> CtPPR.IC) 

C(TPR.TSR) -> C(PPR.PSR) 
otherwise* no change to C(PPR) 



MODIFICATIONS! All except DU, DL, CI « SC, SCR 



INDICATORS* 



(Indicators not listed are not affected) 



Truncation Set OFF 



NOTESt 



Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault* 



TSPO 
TSP1 
TSP2 
TSP3 
TSP*» 
TSP5 
TSP6 
TSP7 



Trans f er 
Transfer 
Trans f er 
Trans f er 
Trans fer 
Trans fer 
Trans fer 
Trans fer 



and 
and 
and 
and 
and 
and 
and 
and 



Set PRO 
Set PR1 
Set PR2 
Set PR3 
Set PRi» 
Set PR5 
Set PR6 
Set PR7 



270 (0) 

271 (0) 

272 (0) 

273 (0) 

670 (0) 

671 (0) 

672 (0) 

673 (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1). 



SUMMARY! 



For n s 0, 1, •••* or 7 as determined by operation code 
C(PPR.PRR) -> C<PRn.RNR> 
CCPPR.PSR) -> C<PRn.SNR) 
C(PPR.IC) *1 -> CCPRn.WORDNO) 
00. ..0 -> C(PRn.BITNO) 
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TRANSFER 



C(TPR.CA) -> C(PPR.IC) 
C(TPR.TSR) -> C(PPR.PSR) 



MODIFICATIONS! All except DU , DL, CI, SC , SCR 



INDICATORS! None affected 



NOTES* Attempted repetition with RPT, RPD, or RPL causes an 

Illegal Procedure Fault. 



TSS Transfer and Set Slave 715 (0) 



FORMATS Basic Instruction Format (See Figure 2-1). 



SUMMARY I C(TPR.CA) -> C(PPR.IC) 

C(TPR.TSR) -> C(PPR.PSR) 



MODIFICATIONS! All except DU, DL, CI, SC, SCR 



^INDICATORS! None affected (except as noted below) 



NOTES! If the TSS instruction is executed witn the Processor not 

in BAR mode, the Absolute indicator is set OFF, and the 
Not BAR Mode indicator is set OF- to signal that 
subsequent addressing is to be done in the BAR Mode. The 
Base Address Register (BAR) is used in the address 
preparation of the transfer, and the BAR will be used in 
address preparation for all subsequent instructions until 
a fault or interrupt occurs* 

If the TSS instruction is executed with the Not BAR Mocie 
Indicator already OFF, it functions as a Transfer ( TR* > 
instruction and no indicators are changed. 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 



TSXn Transfer and Set Index Register Xn 70n (0) 



FORMAT! Basic Instruction Format (See Figure 2-1). 



SUMMARY! For n = 0, 1, •••* or 7 as determined by operation code 

C(PPR.IC) ♦ 1 -> C(Xn) 
C(TPR.CA) -> C(PPR.IC) 



REVIEW DRAFT 
SUBJECT TO CHANGE 
October, 1975 



2-U«» 



AL39 



TRANSFER 



C(TPR.TSR) -> CtPPR.PSR) 



MODIFICATIONS: 

INDICATORS* 

NOTES: 



All except DU, OL, CI, SC, SCR 



None affected 



Attempted repetition with RPT, RPO t or RPL causes an 
Illegal Procedure Fault. 



TTF 



Transfer on Tally Runout Indicator OFF 



607 (0) 



FORMATI 



Basic Instruction Format (See Figure 2-1) 



SUMMARY t 



If Tally Runout Indicator OFF then 
C(TPR.CA) -> C8PPR.IC) 
CCTPR.TSR) -> C(PPR.PSR) 

otherwise, no change to CCPPR) 



MODIFICATIONS: All except OU, OL, CI, SC, SCR 



INDICATORS: 



None affected 



NOTES: 



Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 



TTN 



Transfer on Tally Runout Indicator ON 



606 (1) 



FORMAT: 

summary: 



Basic Instruction Format CSee Figure 2-1). 

If Tally Runout Indicator ON then 

CtTPR.CA) -> C(PPR.IC) 

CITPR.TSRI -> C(PPR.PSR) 
otherwise, no change to CIPPR) 



MODIFICATIONS: All except OU, OL, CI, SC, SCR 



INDICATORS: 



None affected 



NOTES: 



Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 



REVIEW DRAFT 
SUBJECT TO CHANGE 
October, 1S75 



2-115 



AL39 



TRANSFER 

TZE Transfer On Zero 600 (0) 

FORMAT* Basic Instruction Format (See Figure 2-l)« 

SUMMARY* If Zero indicator ON then 

C(TPR.CA) -> CCPPR.IC) 
CCTPR.TSRI -> C(PPR.PSR) 
otherwise, no change to CCPPR) 

MODIFICATIONS: All except 0U» DL, CI, SC, SCR 

INDICATORS* None affected 

NOTES* Attempted repetition with RPT, RPD, or RPL causes an 

Illegal Procedure Fault. 
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POINTER REGISTER OATA MOVEMENT LOAD 



-PQINTE R-RE QISTfRa INSTRU CTIONS 



TajLp±£cliie3i^l£ii-QdlaZllay.£inenT loada 



EASPO 
EASP1 
EASP2 
EASP3 
EASP<» 
EASP5 
EASP6 
EASP7 



Ef f ecti ve 
Ef f ective 
Effective 
Ef f ective 
Ef fee five 
Ef f ec t i ve 
Ef f ec ti ve 
Effective 



Address to 
Address to 
Address to 
Address to 
Address to 
Address to 
Address to 
Address to 



Segment 
Segment 
Segment 
Segment 
Segment 
Segment 
Segment 
Segment 



Number of 
Number of 
Number of 
Number of 
Number of 
Number of 
Number of 
Number of 



PRO 
PR1 
PR2 
PR3 
PRt* 
PR5 
PR6 
PR7 



311 (0) 
310 (1) 
313 CO) 

312 CI) 

331 CO) 
330 CI) 
333 CO) 

332 CI) 



format: 



Basic Instruction Format CSee Figure 2-1) 



SUMMARY I 



For n = 0* 1, • or 7 as determined by operation code 
CCTPR.CA) -> CCPRn.SNR) 



MODIFICATIONS! All except OU, DL, CI, SC, SCR 



INDICATORS! 
'NOTES I 



None affected 



Attempted execution in BAR Mode causes an II legal 
Procedure Fault. 





Attempted 


repetition 


with 1 


RPT, RPD, 


or 


RPL causes 


an 




Illegal Procedure 


Fault. 












EAHPO 


Eft ecti ve 


Address 


to 


Word/Bit 


Number 


of 


PRO 


310 


10) 


EAWP1 


Effective 


Address 


to 


Word/Bit 


Number 


of 


PR1 


311 


CI) 


EAMP2 


Effective 


Address 


to 


Word/Bit 


Number 


of 


PR 2 


312 


CO) 


EAWP3 


Effective 


Address 


to 


Word/Bit 


Number 


of 


PR 3 


313 


CI) 


EAHP4 


Ef f ecti ve 


Address 


to 


Word/Bit 


Number 


of 


PRI» 


330 


CO) 


EAWP5 


Ef f ecti ve 


A ddress 


to 


Word/Bit 


Number 


of 


PR5 


331 


CI) 


EAWP6 


E f f ecti ve 


Address 


to 


Word/Bit 


Number 


of 


PR6 


332 


CO) 


EAHP7 


Effective 


Address 


to 


Word/Bit 


Number 


of 


PR7 


333 


CI) 


FORMAT* 


Basic Instruction 


Format CSee 


Figure 


2- 


1). 







SUMMARY I 



For n * 0< 



or 7 as determined oy operation code 



CCTPR.CA) -> CCPRn.HORONO) 
CCTPR.TBR) / 9 -> CCPrn.CHAR) 
CCTPR.TBR) modulo 9 -> CCPRn.BITNO) 



MODIFICATIONS* All except DU, DL, CI, SC, SCR 
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POINTER REGISTER DATA MOVEMENT LOAD 



INDICATORS! 



None affected 



NOTES! 



Attempted execution in BAR Mode causes an Illegal 
Procedure Fault. 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault* 



EPBPO 


Effective 


Pointer 


at 


Base 


to 


PRO 


350 


(1) 


EPBPi 


Effective 


Pointer 


at 


Base 


to 


PR1 


351 


CO) 


EPBP2 


Effective 


Poi nter 


at 


Base 


to 


PR2 


352 


(1) 


EPBP3 


Effective 


P oi nt er 


at 


Base 


to 


PR3 


353 


(0) 


EPBPV 


Ef f ec't i ve 


Pointer 


at 


Base 


to 


PRk 


370 


(1) 


EPBP5 


Et f ecti ve 


Poi nt er 


at 


Base 


to 


PR5 


371 


(0) 


EPBP6 


Ef f ective 


Poi nt er 


at 


ease 


to 


PR6 


372 


(1) 


EPBP7 


Ef f ec ti ve 


Poi nter 


at 


Base 


to 


PR7 


373 


(0) 



FORMATI 



Basic Instruction Format CSee Figure 2-1). 



SUMMARY S 



For n = 0, l, • ••« or 7 as determined >y operation code 
C (TPR.TRR) -> C(PRn.RNR) 
CUPR.TSR) -> C(PRn.SNR) 
00. .,0 -> C(Prn.HORDNO) 
0 0 -> CCPrn.CHAR) 
0000 -> C( PRn.BlTNO) 



MODIFICATIONS! 

INDICATORS! 

NOTESI 



All except OU, OL« CI. SC, SCR 



None affected 



Attempted execution in BAR Mode causes an Illegal 
Procedure Fault* 

Attempted repetition with RPT, RPD» or RPL causes an 
Illegal Procedure Fault. 



EPP0 
EPP1 



Effective Pointer to PRO 
Effective Pointer to PR1 



35 0 (0) 
351 (1) 



EPP2 
EPP3 
EPP<» 
EPP5 
EPP6 
EPP7 



Ef f ecti ve 
Effective 
Ef f ective 
Ef f ec five 
Effective 
Effective 



Pointer to PR2 
Pointer to PR 3 
Pointer to PRk 
Pointer to PR5 
Pointer to PR6 
Pointer to PR7 



352 (0) 

353 (1) 

370 (0) 

371 (1) 

372 10) 

373 (1) 



FORMATI 



Basic Instruction Format (See Figure 2-1) 
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POINTER REGISTER DATA MOVEMENT LOAD 



SUMMARY I 



For n = 0* It •••? or 7 as determined by operation code 
CCTPR.TRR) -> C(PRn.RNR) 
C(TPR.TSR) -> C(PRn.SNR) 
CCTPR.CA) -> C(PRn.WORDNO) 
CITPR.TBR) t 9 -> CCPRn.CHAR) 
CCTPR.TSR) modulo 9 -> C(PRn.BITNO) 



MODIFICATIONS* All except DUt DL, CIt SC, SCR 



INDICATORS: 



None affected 



NOTESI 



Attempted execution in BAR Mode causes an Illegal 
Procedure Fault. 

Attempted repetition with RPT« RPD, or RPL causes an 
Illegal Procedure Fault. 



LPRI 



Load Pointer Registers from ITS Pairs 



173 CO) 



• FORMATS 



Basic Instruction Format (See Figure 2-11. 



SUMMARY* 



For n = 0* It •••» 7 

Maximum of 

C(Y*2n-pair) 18,20? CCSDW.RU; CCTPR.TRR) -> C(PRn.RNR) 

C(Y*2n-pair> 3,17 -> C(PRn.SNR) 

C«Y*2n-pair> 36,53 -> C {PRn. WORONO) 

C<Y+2n-pair> 57,62 / 9 -> C(Prn.CHAR) 

C (Y+2n-pair) 57,62 modulo 9 -> C(PRn.BITNO) 



MODIFICATIONS! All except DU, DL, CI, SC, SCR 



INDICATORS: 



None Affected 



NOTES! Starting at location Y, the contents of eight word pairs 

(in ITS pair format) replace the contents of Pointer 

Registers 0 through 7 as shown. The hardware assumes that 

Yl<f f 17 = 0000 and addressing is incremented accordingly; 
no check is made. 

Since CCTPR.TRR) and C(SDW.Rl) are both equal to zero in 

Absolute mode, C(Y*2n-pair) 18,20 are loaded into PRn.RNR 
in Absolute mode. 
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POINTER REGISTER DATA MOVEMENT LOAO 



Attempted execution In BAR Mode causes an Illegal 
Procedure Fault* 



Attempted repetition with RPT, 
Illegal Procedure Fault. 



RPO, 



RPL 



causes 



an 



LPRPn 



Load PRn Packed 



76n (0) 



FORMAT* 



Basic Instruction Format (See Figure 2-1). 



SUMMARY S 



For n - 0t 1* • ••« or 7 as determined oy operation code 
C(TPR.TRR) -> C ( PRn.RNR) 

It C<Y)0,2 * lit then 

C<Y)0,5 / 9 -> CCPRn.CHAR) 

C(Y)0,5 modulo 9 -> CCPRn. BITNO) ? 
otherwise, generate Command Fault 

It C(Y)6,17 = 11.. .1, then 111 -> C ( PRn. SNR) 0,2 
otherwise, 000 -> C(PRn.SNR)0,2 

C(Y>6,17 -> C(PRn.SNR) 3,1«» 

C(Y)18,35 -> CIPRn.WORDNOl 



MODIFICATIONS. 



All except DU, DL, CI, SC, SCR 



INDICATORS* 



None affected 



NOTES! 



Binary "1-s in C(Y)0,2 correspond to an illegal BITNO, 
that is, a bit position beyond tie extent of C(Y). 
Detection of these bits causes a Command Fault. 



Attempted execution in 8AR Mode causes an 
Procedure Fault. 



II lega 



Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 
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POINTER REGISTER DATA MOVEMENT STORE 



~Pointer~Reflistgr PaiaTtlatt&menT Stoc&a 



SPBPO 


Store Segment Base Pointer of PRO 


250 


<1> 


SP8P1 


Store Segment Base Pointer of PR1 


251 


(0) 


SPBP2 


Store Segment Base Pointer of PR2 


252 


(1) 


SPBP3 


Store Segment Base Pointer of PR3 


253 


(0) 


SPBP*» 


Store Segment Base Pointer of PRk 


65 0 


(1) 


SPBP5 


Store Segment Base Pointer of PR5 


651 


(0) 


SPBP6 


Store Segment Base Pointer of PR6 


652 


(1) 


SPBP7 


Store Segment Base Pointer of PR 7 


65 3 


(0) 


FORMAT* 


Basic Instruction Format (See Figure 2 


-1). 




SUMMARY I 


For n - 0, 1» or 7 as determined 


oy operation code 






CtPRn.SNR) - > C(Y-pair)3,17 








C(PRn.RNR) -> C<Y-pair> 18,20 








000 -> C(Y-pair)0,2 








00. ..0 — > C ( Y-pair 1 21 ,29 








*»3 i oct all — > u i t— pai ri su * 05 








00.. .0 -> C(Y-pair) 36,71 






'modifications: 


All except DU, DL» CI, SC, SCR 






INDICATORS* 


None affected 






NOTES! 


The hardware assumes Y bit 17 = 0; no 


check is made. 





Attempted execution in BAR Mode causes an Illegal 
Procedure Fault. 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 



SPRI Store Pointer Registers as ITS Pairs 25i» (0) 

FORMAT! Basic Instruction Format CSee Figure 2-11. 



SUMMARY! For n = 0, 1, ...» 7 

000 -> C(Y+2n-pair>0,2 
C(PRn.SNR) -> C< Y+2n-pair) 3,17 
C(PRn.RNR) -> C < Y+2n-pair ) 18 ,20 
00.. .0 -> CIY*2n-pair> 21,29 
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POINTER REGISTER DATA MOVEMENT STORE 



kZ {octal! -> C< Y*2n-pair) 30,35 
C(PRn.WORONO> -> C ( Y*2n-pa ir) 36, 53 
000 -> C(Y*2n-pair)5t»,56 

9 ♦ CCPRn.CHAR) ♦ C(PRn.BITNO) -> C ( Y *2n-pair ) 57,62 
00.. .0 -> CI Y*2n-pair>63,71 



MODIFICATIONS! All except OU, OLt CI, SC , SCR 



INDICATORS: None .affected 



NOTES* Starting at location Y, the contents of Pointer Registers 

0 through 7 replace the contents of eight word pairs fin 
ITS pair format). The hardware assumes Y bits 1*» to 17 » 
0000 and addressing is incremented accordingly* no check 
is made. 

Attemped execution in BAR Mode causes an Illegal Procedure 
Paul t. 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 



SPRlO 
SPRII 
SPRI2 
SPRI3 
SPRI«» 
SPRI5 
SPRI6 
SPRI7 



Store 
Store 
Store 
Store 
Store 
Store 
Store 
Store 



PRO 
PR1 
PR2 
PR3 
PRU 
PR5 
PR6 
PR7 



as ITS 
as ITS 
as ITS 
as ITS 
as ITS 
as ITS 
as ITS 
as ITS 



Pair 
Pair 
Pair 
Pair 
Pair 
Pair 
Pair 
Pair 



250 (0) 

251 (1) 

252 (0) 

253 (1) 

650 (0) 

651 CD 

652 (0) 

653 (1) 



FORMAT! 



Basic Instruction Format (See Figure 2-1). 



SUMMARY I 



For n = 0, 1, or 7 as determined oy operation code 

000 -> C(Y-pair)0,2 
CCPRn.SNR) -> C ( Y-pair ) 3,17 
C ( PRn.RNR) -> C ( Y-pa ir ) ia, 20 
00. ..0 -> C(Y-pair)21,29 



t*Z (octal) -> C(Y-pair)30, 35 
CIPRn.WORDNO ) -> C CY-pair) 36,53 
000 -> C (Y-pair) 5<»,56 

9 * C(PRn.CHAR) ♦ C(PRn.BITNO) -> C( Y-pair ) 57, 62 
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POINTER REGISTER DATA MOVEMENT STORE 



00.. .0 -> C(Y-pair>63*71 



MODIFICATIONS* All except OH, DL « CI* 3C, SCR 



INDICATORS! 



Norte affected 



NOTES* 



The hardware assumes Y bit 17 = 0 » no check is made. 

Attempted execution in BAR Mode causes an Illegal 
Procedure Fault. 

Attempted repetition with RPT, RPO* or RPL causes an 
Illegal Procedure Fault. 



SPRPn 



Store PRn Packed 



5«*n (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1). 



SUMMARY! 



For n ~ 0t 1* •••« or 7 as determined oy operation code 
9 • Cf PRn. CHAR) ♦ C(PRn.BITNO) -> C<Y>0,5 
C(PRn.SNRI3,l«» -> C«Y)6*17 
C(PRn.WORONO) -> C(Y)18,35 



MODIFICATIONS! All except DU* OL, CI. SC, SCR 



INDICATORS: 



None affected 



NOTES! 



If C(PRn.SNR) 0*2 are nonzero, and C(PRn.SNR) * 11.. .1* 
then a Store Fault* Illegal Pointer* Mill occur and C(Y) 
will not be changed. 

Attempted execution in BAR Mode causes an Illegal 
Procedure Fault. 

Attempted repetition with RPT* RPD* or RPL causes an 
Illegal Procedure Fault. 
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POINTER REGISTER ADDRESS ARITHMETIC 





Address 


Ar i thme ti c3 










ADHPO 


Add 


to Word Register 


of 


PRO 


050 


(0) 


AOHP1 


Add 


to Word Register 


of 


PR1 


051 


<o> 


ADWP2 


Add 


to Word Register 


of 


PR2 


052 


CO) 


AOWP3 


Add 


to Word Register 


of 


PR3 


053 


(0) 


AOWP<» 


Add 


to Word Register 


of 


PR* 


15 0 


CO) 


AOWP5 


Add 


to Word Register 


of 


PR5 


151 


(0) 


A0WP6 


Add 


to Word Register 


of 


PR6 


152 


(0) 


ADWP7 


Add 


to Word Register 


of 


PR7 


153 


(0) 



FORMAT! Basic Instruction Format ISee Figure 2-1). 



SUMMARY? For n = 0, 1, •••* or 7 as determined ay operation code 

CCY)0,17 ♦ CCPRn.WORDNO) -> C CPRn. W3R0N0I 
00 -> CCPRn.CHAR) 
0000 -> CCPRn.BITNO) 



MODIFICATIONS! All except OL« CI, SC , SCR 



INDICATORS! None affected 



NOTES! Attempted execution in BAR Mode causes an Illegal 

Procedure Fault* 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 
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POINTER REGISTER MISCELLANEOUS 



~pqinter"Realster aisaaJJ aneousa 

EPAQ Effective Pointer to AQ Register 213 (0) 

FORMAT* Basic Instruction Format (See Figure 2-1), 

SUMMARY t 00.. .0 -> C(AQ)0,2 

CCTPR.TSR» -> CCAQ>3,17 
00. ..0 -> C(AQ)18,32 
C(TPR.TRR) -> C(AQ)33,35 
C(TPR.CA) -> C(AQ>36,53 
00. ..0 -> C(AQ)5*»,65 
C ( TPR.TBR) -> C(AQ>66,71 

MODIFICATIONS* All except DU. DL, CI * SC, SCR 

INDICATORS* (Indicators not listed are not affected) 

Zero If C(AQ) = 0, then ON; otherwise OFF 

NOTES* Attempted execution in 3AR Mode causes an Illegal 

Procedure Fault. 

Attempted repetition with RPT, RPDt or RPL causes an 
Illegal Procedure Fault. 
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CALENDAR CLOCK 

~ MISCELLANEOUS IN STRUC TIONS 
~ Cal endar-pl ock fl 

RCCL Read Calendar Clock 633 (0) 

FORMATS Basic Instruction Format (See Figure 2-1). 

SUMMARY! 00.. .0 -> C(AQ)0,19 

CfCal.endar Clock) -> C(AQ)20,71 

MODIFICATIONS! All except DU, DL, CI, SC, SCR 

INDICATORS! None affected 

NOTES! C(TPR.CA)0,2 specify which Processor port {i.e.* which 

System Controller) is to be used. The contents of the 
clock in the designated System Controller replace the 
contents of the AO-register as shown* 

Attempted execution in BAR Mode causes an Illegal 
Procedure Fault. 

Attempted repetition with PRT, RPD, or RPL causes an 
Illegal Procedure Fault. 
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DERAIL 



DRL Derail 00 2 CO) 



FORMAT J Basic Instruction Format (See Figure 2-i). 



SUMHARY: Causes a fault which fetches and executes* in Absolute 

Mode* the instruction pair at main store location 
C*l<» (octal )• The value of C is obtained from the FAULT 
VECTOR switches on the Processor Configuration Panel. 



MODIFICATIONS: AM, but none affect instruction execution 



INDICATORS! None affected 



NOTESi Except for the different constant used for fetching the 

instruction pair from main store* the DRL instruction is 
identical to the Master Mode Entry (MME) instruction. 

Attempted repetition with RPT, RPD» or RPL causes an 
Illegal Procedure Fault. 
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EXECUTE 



"Executes 

XEC Execute 716 (0) 

FORMAT! Basic Instruction Format (See Figure 2-1). 

SUMMARY t Fetch and exectue the instruction in C(Y) 



MODIFICATIONS! All except DU, OL» CI, SC, SCR 



INDICATORS* None affected 



NOTES! The XEC instruction itself does not affect any indicator* 

However* the execution of, the instruction from C(Y) may 
affect indicators. 

If the execution of the instruction from C(Y) modifies 
C<PPR.IC), then a transfer of control occurs? other* ise, 
the next instruction to be executed is fetched from 
C(PPR.IC»*i. 

To execute a Repeat Double (RPD) instruction* the XEC 
instruction must be in an odd location. The instruction 
pair repeated is that instruction oair at C(PRR.IC>*1» 
that is f the instruction pair immediately following the 
XEC instruction. C(PPR.IC) is adjusted during the 
execution of the repeated instruction pair so that the 
next instruction fetched for execution is from the first 
word following the repeated instruction pair. 

EIS Multiword instructions may be executed but the 
required Data Descriptors must be located immediately 
after the XEC instruction, that is, starting at C(PRR.IC) 
♦ 1. C(PRR.IC) is adjusted during execution of the EIS 
Multiword instruction so that the next instruction fetched 
for execution is from the first word following the EIS 
Data Descriptors. 

Attempted repetition with RPT, RPD. or RPL causes an 
Illegal Procedure Fault. 
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EXECUTE 



XEO 



Execute Double 



717 10) 



FORMAT* 



Basic Instruction Format CSee Figure 2-1). 



SUMMARY t 



Fetch and execute the instruction pair at C(Y-pair) 



modifications: 
indicators* 

NOTESl 



All except OU, DL, CI* SC* SCR 



None affected 



The XED instruction itself does not affect any indicator* 
However* tne execution of the instruction pair from 
C(Y-pair) may affect indicators. 

The even instruction from CCY-pair) must not alter 
C (Y-pair) 36,71, and must not be another XED instruction. 

If the execution of the instruction p3ir from CfY-pair) 

alters C(PPR.IC), then a transfer of control occurs? 

otherwise, the next instruction to be executed is fetched 

from C(PPR.IC)*1. If the even instruction from C(Y-pair) 

alters C(PPR.IC), then the transfer of control is 
effective immediately and the odd instruction is not 
executed. 



To execute an Instruction pair having a 
(RPD) instruction as the odd instruction, 
located at an odd address. The instructio 
is that instruction pair at CCPRR. IZ) * 
instruction pair immediately follow! 
instruction. C(PPR.IC) is adjusted duri 
of the repeated instruction pair so 
instruction fetched for execution is fro 
fol lowing the repeated instruction pai~. 



Repeat Double 
the XEO must be 
n pair repeated 
1, that is, the 
ng the XED 
ng the execution 
the the next 
m the first word 



An attempt to execute an EIS Multiword instruction wil 
cause an Illegal Procedure Fault. 



Attempted repetition with RPT, 
i I leal Procedure Fault. 



RPD, 



or RPL causes an 
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MASTER MODE ENTRY 



MHE Haster Hode Entry 001 (0) 



FORMATS Basic Instruction Format (See Figure 2-1). 



SUMMARY i Causes a fault that fetches and executes* in Absolute 

Mode, the instruction pair at main store location 
OMoctal). The value of C is obtained from the FAULT 
VECTOR switches on the Processor Configuration Panel. 



MODIFICATIONS: All, but none affect instruction execution 



INDICATORS: None affected 



NOTESI Execution of the MME instruction implies the following 

conditionsi 

During the execution of the MME instruction and the 
two instructions fetched, the Processor is 
temporarily in Absolute Mode indeoendent of the value 
of the Absolute Mode indicator. The Processor stays 
in Absolute Mode if the Absolute Mode indicator is ON 
after the execution of the instructions. 

The instruction at C*«» must not alter the contents of 
main store location C+5, and must not be an XED 
instruct ion. 

If the contents of the instruction counter (PPR.IC) 
are changed during execution of the instruction pair 
at C*<», the next instruction is fetched from the 
modified C(PRR.IC); otherwise, tHe next instruction 
is fetched from C(PPR.IC)*1. 

If the instruction at C+k alters C(PPR.IC), then this 
transfer of control is effective immediately, and the 
instruction at C*5 is not executed. 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 
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MASTER MODE ENTRY 



MME2 Master Mode Entry 2 00«» (0) 



FORMATS Basic Instruction Format CSee Figure 2-11. 



SUMMARY t Causes a fault that fetches and executes* In Absolute 

Mode, the instruction pair at main store location 
C+52(octal). The value of C is obtained from the FAULT 
VECTOR switches on the Processor Configuration Panel. 



MODIFICATIONS* All* but none affect instruction execution 



INDICATORS: None affected 



NOTES* Attempted execution in BAR mode causes an Illegal 

Procedure* Illegal Opcode Fault. 

Except for the different constant used for fetching the 
instruction pair from main store* the HME2 instruction is 
identical to the Master Mode Entry (MME) instruction. 

Attempted repetition with RPT, RPD, or RPL causes an 
illegal procedure Fault. 



MME3 Master Mode Entry 3 005 (0) 



FORMATS Basic Instruction Format (See Figure 2-1). 



SUMMARY* Causes a fault that fetches and executes* in Absolute 

Mode* the instruction pair at main store location 
C + 5«t ( octal ) • The value of C is obtained from the FAULT 
VECTOR switches on the Processor Configuration Panel. 



MODIFICATIONS* All, but none affect instruction execution 
INDICATORS* None affected 



NOTES* Attempted execution in BAR mode causes an Illegal 

Procedure, Illegal Opcode Fault. 



Except for the different constant used for fetching the 
instruction pair from main store, the MME3 instruction is 
identical to the Master Mode Entry (MME) instruction. 

Attempted repetition with RPT, RPO, or RPL causes an 
Illegal Procedure Fault. 
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MASTER MOOE ENTRY 



MME*» Master Mode Entry k 007 (0) 

FORMATl Basic Instruction Format (See Figure 2-1). 



SUMMARY I Causes a fault that fetches and executes, in Absolute 

Mode* the instruction pair at main store location 
C*5b (octal ) . The value of C is obtained from the FAULT 
VECTOR switches on the Processor Configuration Panel* 



MODIFICATIONS! All, but none affect instruction execution 



INDICATORS: None affected 



NOTES! Attempted execution in BAR mode causes an Illegal 

Procedure, Illegal Opcode Fault. 

Except for the different constant used for fetching the 
instruction pair from main store, the MME*» instruction is 
identcai to the Master Mode Entry (MME) instruction. 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 
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NO OPERATION 



"• Np-Qperation a 



NOP No Operation Oil (0) 



FORMAT! Basic Instruction Format (See Figure 2-1). 



SUMMARY t No operation takes place 



MODIFICATIONS* All 



INDICATORS* None affected (except as noted below) 



NOTES! No operation takes place but address preparation is 

performed according to the specified modifier* if any. If 
modification other than DU or DL is used* the effective 
addresses generated may cause Store Fajlts. 

The use of Indirect and Tally modifiers causes changes in 
the address and tally fields of the referenced Indirect 
Words and the Tally Runout indicator may be set ON as a 
result* 

Attempted repetition with RPT* RPD» or RPL causes an 
Illegal Procedure Fault. 



PULS1 Pulse One 012 (0) 



FORMAT! Basic Instruction Format (See Figure 2-1). 



SUMMARY! No operation takes place 



MODIFICATIONS! AM 



INDICATORS! None affected (except as noted below) 



NOTES! The PULS1 instruction is identical to the No Operation 

(NOP) instruction except that it causes certain unique 
synchronizing signals to appear in the Processor logic 
circui try. 



Attempted repetition with RPT* RPD, or RPL causes an 
Illegal Procedure Fault. 
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NO OPERATION 

PULS2 Pulse Tho 013 (0) 

FORMATS Basic Instruction Format (See Figure 2-1). 

SUMMARY! No operation takes place 

MODIFICATIONS! All 

INDICATORS! None affected (except as noted below) 

NOTES! The PULS2 instruction is identical to the No Operation 

(NOP) instruction except that it causes certain unique 
synchronizing signals to appear in tie Processor logic 
circui try. 

Attempted repetition with RPT, RPD» or RPL causes an 
Illegal Procedure Fault* 
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REPEAT 



RPD 



Repeat Double 



560 (0) 



FORMATS 



0 0 0 1 1 



i i 



2 2 2 2 3 
6 7 JL_2JL 



I 1111 1 
I TALLY 1 A 13 1 C 1 Term. Cond. I 
J 1111 L 



1111 1 
(560)8 IQtllO! DELTA 1 
8.111 L 



81111 7 9111 

Figure 2-9 Repeat Double (RPD) Instruction Word Format 



SUMMARY * 



Execute the pair of instructions at CIPPR.IO+l either a 
specified number of times or until a specified termination 
condition is met. 



MODIFICATIONS! None 



INDICATORS! 



(Indicators not listed are not affected) 



Tal ly 
Runout 



If C(X0)0 V 7 = 0 at termination, then ON * otherwise, OFF 



All other None affected. However, the execution of the repeated 
Indicators instructions may affect indicators. 



NOTES* 



The RPD instruction must be stored in an odd main store 
location except when accessed via the XEC or XED 
instructions, in which case the XEC or XED instruction 
must itself be in an odd main store location. 

Both repeated instructions must use R or RI modifiers and 
only XI, X2, X7 are permitted. For the purposes of 

this description, the even repeated instruction shall use 
X-even and the odd repeated instruction shall use X-odd. 
X-even and X-odd may be the same register. 

If C - 1, then C(RPD instruction word)0,17 -> CCXOM 
otherwise, C(X0) unchanged prior to execution. 

The termination condition and tallf fields of C(X0) 
control the repetition of the instruction pair. An 
initial tally of zero is interpreted as 256. 



The repetition cycle consists of the following steps! 

a. Execute the pair of repeated instructions 

b. C(XO)0,7 - 1 -> C(X0)0,7 

Modify C (X-even) and C(X-odd) as described below. 

c. If C(X0)0,7 = 0, then set Tally Runout indicator ON 
and terminate. 
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REPEAT 



d. 



If a terminate condition has been met v then set Tally 
Runout indicator OFF and terminate. 



e. 



Go to step a. 



If a Processor Fault occurs during the exection of the 
instruction pair* the repetition loop is terminated and 
control passes to the Fault Trap according to the 
conditions tor the Processor Fault. C(X0), C(X-even), and 
C(X-odd) are not updated for the repetition cycle in which 
the fault occurs. Note in particular that certain 
Processor Faults occurring during execution of the even 
instruction preclude the execution of the odd instruction 
for the faulting repetition cycle. 

EIS Multiword instructions cannot be repeated. All other 
instructions nay be repeated except as noted for 
individual instructions or those that ••• 

Explicitly alter C(X0> 



The effective address* Y * of the operand (in the case of R 



modi f ication) 
modi f icat ion) 



or indirect word (it 
is determined as follows! 



the case of RI 



For the first execution of the repeated instruction pair 



C(C<PPR.IC)*i) 0,17 
C(X-even) 

CCCtPPR. IC)*2) 0.17 «• CCX-odd) -> 
CCX-odd) 



♦ CCX-even) -> Y; Y-even -> 
Y-odd? Y-odd -> 



For 
pair 



all successive executions of the repeated instruction 



it C(X0)8 «1, then CCX-even) ♦ Delta -> Y-even, 
Y-even -> C(X-even); otherwise, CCX-even) -> Y-even 



if CCX0)9 a i, then C(X-odd) ♦ Delta -> Y-odd, 
-> C(X-odd); otherwise, CCX-odd) -> Y-odd 



Y-odd 



CfX0)8,9 correspond to Control Bits A and B, respectively, 
of the RPO instruction. 

In the case of RI modification, only one indirect 
reference is made per repeated execution. The tag field 
of the indirect word is not interpreted. The indirect 
word is treated as though it had R modification with R = 
N. 

The bit configuration in C(X0)11,17 defines the conditions 



for which the repetition loop is terminated. The 

terminate conditions are examined at the completion of 

execution of the odd instruction. If more than one 

condition is specified, the repeat terminates if any of 
the specified conditions are met. 



Bit 17 = 0 



Ignore all overflows. Do not set 
Indicator; inhibit Overflow Fault. 



Overf I ow 
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Bit 17 a 1 If Overflow Mask indicator is ON, then set 
Overflow indicator and terminate; 

otherwise* cause an Overflow Fault* 



Bit 


16 




Terminate 


if 


Carry indicator OFF. 


Bit 


15 


= t 


Terminate 


if 


Carry indicator ON. 


Bit 


1<» 


= 1 


Terminate 


if 


Negative indicator OFF. 


Bit 


13 


= 1 


Terminate 


if 


Negative indicator ON. 


Bit 


12 


= 1 


Terminate 


if 


Zero indicator OFF. 


Bit 


11 


= 1 


Terminate 


if 


Zero indicator ON. 


At 


the 


time 


of termination* 




C(X0)O 


,7 contain the 


Tally Residue; that 



number of repeats remaining until a Tally Runout 
would have occurred. 

If the RPD instruction is interrupted (by any fault) 
before termination, the Tally Runout indicator is 
OFF. 

C(X-even) and C(X-odd) contain the effective 
addresses of the next operands or indirect words that 
would have been used had the repetition loop not 
terminated. 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 
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REPEAT 



RPL 



Repeat Link 



500 (0) 



1 

1 



0 



0 0 0 1 1 1 1 

7 8 .9-11-1 Z_& 

ill i 
10 01C1 Term. Cond. 1 

_J i_J L_ 

8 2 11 7 



(500)8 




SUMMARY I 

MODIFICATIONS* 

INDICATORS: 

Tal ly 
Runout 

A I I other 
Ind icators 

NOTES! 



-10 Repeat Link (RPL) Instruction Word Format 



Execute the instruction at CCPPR.IO+l either a specified 
number of times or until a specified termination condition 
is met. 



(Indicators not listed are not affected) 



If C(X0)D*7 s o or link address C(Y) = 0 at termination, 
then ON; otherwise OFF 

None affected. However. the execution of the repeated 
instruction may affect indicators. 



The repeated instruction must use an R modifier and only 
XI* X2» •••« X7 are permitted. For the purposes of this 
description* the repeated instruction shall use Xn. 

If C * 1* then CIRPL instruction word)0,17 -> C(X0); 
otherwise* C(X0) unchanged prior to execution* 

The termination concition and tall/ fields of CCX0) 
control the repetition of the instruction. An initial 
tally of zero is interpreted as 256. 

The repetition cycle consists of the following steps: 

a. Execute the repeated instruction 

b. C(X0)0,7 - 1 -> C(X0)0.7 
Modify C(Xn) as described below. 



c. If CCXOI0.7 s 0 or C(Y)0*17 = 0* then set Tally 
Runout indicator ON and terminate. 

d. If a terminate condition has been met, then set Tally 
Runout indicator OFF and terminate. 

e. Go to step a. 
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If a Processor Fault occurs duri"9 the exection of the 
instruction, the repetition I oo» is terminated and control 
passes to the Fault Trap acr»«ding to the conditions for 
the Processor Fault. £?<X0> and C(Xn) are not updated for 
the repetition cyc'<* in which the fault occurs. 

EIS Multiword instructions cannot be repeated. All other 
instrue tions may be repeated except as noted for 
individual instructions or those that ... 

Explicitly alter CCXO) 

Explicitly alter the link address, C(Y)0,17 

The effective address, Y, of the operand is determined as 
f ol I oms: 

For the first execution of the repeated instruction ••• 

C(C(PPR.IC>*1> 0,17 ♦ C(Xn) -> Y? V -> C(Xn> 
For all successive executions of the repeated instruction 



CCXnl -> Y 

if CCY10.17 * 0, then C(Y)0,17 -> CtXn)? otherwise, 
no change to C(Xn) 



C(Y)0,17 is Known as the link address and is the effective 
address of the next entry in a threaded list of operands 
to be referenced by the repeated instruction. 



The operand data is formed as 



(00... 0)0,17 II C(Y)18,p 



where p is 35 for single precision operands and 71 for 
double precision operands. 

The bit configuration in C(X0)11,17 and the link address, 
C(Y)0,17, define the conditions for which the repetition 
loop is terminated. The terminate conditions are examined 
at the completion of execution of the instruction. If 
more than one condition is specified, the repeat 
terminates if any of the specified conditions are met. 

C(Y)0,17 = 0 Set Tally Runout indicator ON and terminate. 



Bit 17 = 0 Ignore all overflows. Do not set Overflow 
Indicator; inhibit Overflow Fault. 

Sit 17 = 1 If Overflow Mask indicator is ON, then set 



Overflow indicator and terminate; 

otherwise, cause an Overflow Fault. 

Bit 16 = 1 Terminate if Carry indicator OFF. 

Bit 15 = 1 Terminate if Carry indicator ON. 

Bit !«♦ = 1 Terminate if Negative indicator OFF. 
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Bit 13 



1 



Terminate if Negative indicator ON* 



Bit 12 



1 



Terminate if Zero indicator OFF. 



Bit 11 



1 



Terminate if Zero indicator ON. 



At the time of termination! 

C(XO>0,7 contain the Tally Residue; that is. the 
number of repeats remaining ur^til a Tally Runout 
would have occurred* 

If the RPL instruction is interrupted Iby any fault) 
before termination* the Tally Runout indicator is 
OFF* 

C(Xn) contain the last link address* that is* the 
effective address of the list word containing the 
last operand data and the Q£.Kt link address. 

Attempted repetition with RPT, RPO* or RPL causes an 
Illegal Procedure Fault* 
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RPT 



Repeat 



520 (0) 



FORMAT! 



0 0 0 1 1 



1 1 



2 2 2 2 3 
Q. 



j ill i 

I TALLY 10 01CI Term. Cond. J 
J I L_J L 



(520)8 



1111 
IOJ110I 
J_i_i_JL 



DELTA 



2 11 



9 111 



Figure 2-11 Repeat (RPT) Instruction Word Format 



SUMMARY t 



Execute the instruction at CIPPR.IO + l either a specified 
number of times or until a specified termination condition 
is met. 



MODIFICATIONS! None 



INDICATORS! 



(Indicators not listed are not affected) 



Tal ly 

Runout 



If C(X0>0,7 = 0 at termination, then OM 5 otherwise, OFF 



All other None affected. However, the executian of the repeated 
Indicators instruction may affect indicators. 



NOTES! 



The repeated instruction must use an R or RI modifier and 
only XI, X2, X7 are permitted. For the purposes of 

this description, the repeated instruction shall use Xn. 

If C = 1, then CIRPT instruction word>0,17 -> C(X0>; 
otherwise, CCX0) unchanged prior to execution. 

The termination condition and tall/ fields of C(X0) 
control the repetition of the instruction pair. An 
initial tally of zero is interpreted as 256. 

The repetition cycle consists of the following steps! 

a. Execute the repeated instruction 

b. C(X0)0,7 - 1 -> C(XO>0,7 
Modify C(Xn) as described below 



c. 



If C(X0)0,7 = 0, then set Tally Rjnout 
and terminate 



indicator ON 



d. 



If a terminate condition has been met, then set Tally 
Runout indicator OFF and terminate 



Go to step a 
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If a Processor Fault occurs during the exection of the 
instruction* the repetition loop is terminated and control 
passes to the Fault Trap according to the conditions for 
the , Processor Fault* C(X0) and CCXn) are not updated for 
the repetition cycle in which the fault occurs* 

EIS Multiword instructions cannot be repeated* All other 
instructions may be repeated except as noted for 
individual instructions or those that ••• 

Expl icit ly al ter C(X0) 

Explicitly alter C(PPR.IC)*2 

The effective address* Y» of the operand (in the case of R 
modification) or indirect word (in the case of RI 
modification) is determined as follows: 

For the first execution of the repeated instruction ••• 

C(C(PPR.IC)*1)0,17 ♦ C(Xn> -> Y; / -> C(Xn) 

For all successive executions of the repeated instruction 



if C(X0)8 = It then C(Xn) ♦ Delta -> Y, Y -> C(Xn); 
otherwise, C(Xn) -> Y 

C(X0)8 corresponds to Control Bit A of the RPO 
instruction* 

In the case of RI modification* only one indirect 
reference is made per repeated execution* The tag field 
of the indirect word is not interpreted* The indirect 
word is treated as though it had R modification with R = 
N» 

The bit configuration in C(X0)11*17 defines the conditions 
for which the repetition loop is terminated* The 
terminate conditions are examined at the completion of 
execution of the instruction* If more than one condition 
is specified* the repeat terminates if any of the 
specified conditions are met* 

Bit 17=0 Ignore all overflows. Do not set Overflow 
Indicator; inhibit Overflow Fault. 

Bit 17 s l if Overflow Mask indicator is ON, then set 
Overflow indicator and terminate; 

otherwise, cause an Overflow Fault. 



3it 


16 




1 


Terminate 


if 


Carry indicator OFF. 


8it 


15 




1 


Terminate 


if 


Carry indicator ON. 


Bit 


1<# 




1 


Terminate 


if 


Negative indicator OFF. 


Bit 


13 




1 


Terminate 


if 


Negative indicator ON. 


Bit 


12 




1 


Terminate 


if 


Zero indicator OFF. 


Bit 


11 




1 


Terminate 


if 


Zero indicator ON* 
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At the time of terminations 

CCX0)0 t 7 contain the Tally Residue* that is t the 
number of repeats remaining until a Tally Runout 
would have occurred. 

If the RPT instruction is interrupted (by any fault) 
before termination the Tally Runout indicator is 
OFF. 

C(Xn) contain the effective address of the next 
operand or indirect word that would have been used 
had the repetition loop not terminated* 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault* 
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RING ALARM REGISTER 
~ Rinq~A I arm"Register a 

SRA Store Ring Alarm 



75k (II 



FORMATS Basic Instruction Format (See Figure 2-1). 

SUMMARY J 00.. .0 -> C(Y>0,32 

C(RALR) -> C(YI33,35 

MODIFICATIONS! All except OU, OL » CI, SC. SCR 

INDICATORS: None affected 

NOTES: Attempted execution in BAR Mode causes an Illegal 

Procedure Fault. 

Attempted repetition with RPT* RPO, or RPL causes an 
Illegal Procedure Fault. 
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SBAR Store Base Address Register 550 (0) 

FORHATl Basic Instruction Format (See Figure 2-1). 

SUMMARY I C (BAR) -> C(Y>0,17 

MODIFICATIONS! AH except DU. DL, CI, SC, and SCR 

INDICATORS! None affected 
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i0f B&tf 



FORMAT! 



B i nar y • to Bin ar y- d*D%c i mar ? 

6 is \ ns*r ue * F on***'* * See **F fcg ure 2-1) • 



sSWBS* CO) 



SUMMARY! Shift C(AI le iV *M**fc3 pos itleftsS 

1 C < A) I / C(Y1 -> <»-bit quotient plus remainder 

H3S fcnr. #02 * .i:-c ^mxs MA 

Shift CCQ) left six positions 
<»-bit quotient -> tf*Q.>32,35 
remainder -> CCA) 



MODIFICATIONS! 



AM except CI, SC, SCR 



INDICATORS* 



(Indicators not listed are not affected) 



Zero If C(A) = 0, then ON 

Negative If C(A)0 = 1 before execution* then ON; otherwise OFF 



NOTES* 



The BCD instruction carries out one step in an algorithm 
for the conversion of a binary njmber to a string of 
Binary-Coded-Oeciraal (BDC) digits* The algorithm requires 
the repeated short division of the binary number or last 
remainder by a set of constants CCi) = 8**i x 10*Mn-i) 
for i = 1, 2. •••• n with n being defined by. 

10**(n-l) <= Kbinary number>l <= 10**n - 1. 

The values in the table that follows are the conversion 
constants to be used with the BCD instruction. Each 
vertical column represents the set of constants to be used 
depending on the initial value of the oinary number to be 
converted. The instruction is executed once per digit 
while traversing the appropriate column from top to 
bottom. 

An alternate use of the table for conversion involves the 
use of the constants in the row corresponding to 
conversion step 1. If, after each execution, the contents 
of the accumulator are shifted right 3 positions, the 
constants in the first row, starting at the appropriate 



column, may be used while traversing the row from left to 
right. 

Because there is a limit on range, a full 36 bit word 
cannot be converted. The largest binary number that may 
be converted correctly is 2**33 -1 yielding ten decimal 
digits. 

Attempted repetition with RPL cajses an Illegal Procedure 
Faul t . 
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V For 10»Mn-l> <= !C(AR)I <= 10»»n - 1 atd n = ... 

\ 

\ JJL 3. 1 1 & 

i = \ 

1 8000000000 800000000 80000000 8000000 800000 80000 8000 800 80 8 

2 6^00000000 6^0000000 6^000000 6UO0OO0 6^0000 6«»Q00 6WO0 6<*0 bW 

3 5120000000 512000000 51200000 5120000 512000 51200 5120 512 
t* <*096000000 ^09600000 i»0960000 1*096000 W09600 <*0360 *»096 

5 3276800000 327680000 32768000 3276800 327680 32768 

6 2621<+4Q0Q0 2621^000 2621V»00 2621*»«*0 2621^ 

7 2097152000 209715200 20971520 2097152 

8 1677721600 167772160 16777216 

9 13W2177280 13<»217728 
10 10737i»182<» 



GTB Gray to Binary 77<» (0) 

FORMATI Basic Instruction Format (See Figure 2-1). 

SUMMARY s C(A) converted from Gray Code to a 36 bit binary number 

MODIFICATIONS! None 

INDICATORS! (Indicators not listed are not affected) 

Zero If C(A) x o, then ON; otherwise OFF 

Negative If C(A)0 * It then ON; otherwise OFF 

NOTES! This conversion is defined by the following algorithm! 

C(A)0 -> C(A)D 

C(A)(i) 6 C(A)U-l) -> C(A)(i) for i = 1, 2, 35 
Attempted repetition with RPL causes ai Illegal Procedure Fault. 
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PRIVILEGED - REGISTER LOAO 



-PRIVILEGEPa.INSTRUCTIQttS 



LBAR 



Load Base Address Register 



230 (0) 



FORMAT! 



Basic Instruction Format ISee Figure 2-1) 



SUMMARY I 



Cm0tl7 -> CIBAR) 



MODIFICATIONS All except CI. SC. SCR 



INDICATORS! 



None affected 



NOTES: 



Attempted repetition with RPTt RPD, or RPL causes an 
Illegal Procedure Fault. 

Attempted execution in BAR Mode causes a Illegal Procedure 
Faul t. 



LCPR 



Load Central Processor Register 



h7k <0) 



FORMATI 



Basic Instruction Format fSee Figure 2-1) • 



SUMMARY! 



Load selected register as noted 



MOOIFICATIONSI 



None. The instruction TAG field is used for register 
selection as follows. 



C<TAG1 
02 
Ok 
03 

07 



Data and Reaisterls) 

CfY) -> CCCache Mode Registe-) 0,35 

CIY) -> C(Mode Register)0,35 

00... 0 -> C(CU, OU, DU, and 
Reg isterl 0. 71 



APU History 



11... 1 -> CICU, OU* OU, and APU History 
Reg ister ) 0* 71 



INDICATORS! None affected 



NOTES! See Section IV, Program Accessible Registers, for 

descriptions and use of the various registers. 

For TAG values 03 and 07, the History Register loaded is 
selected oy the current value of a Cyclic Counter for each 
Unit. All four Cyclic Counters are advanced by one count 
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for each execution of the instruction* 

Use of TAG values other than those defined above causes an 
Illegal Procedure Fault. 

Attempted execution in Normal or BAR Mode causes a Illegal 
Procedure Fault* 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault* 



LDBR 



Load . Descriptor Segment Base Register 



232 CO) 



FORMAT* 
SUMMARY » 



Basic Instruction Format CSee Figure 2-1). 



If SOWAM is enabled, then 

0 -> CiSDHAM(i).FULL) for i ' 
CI) -> CCSOMAMCi ).USE) for i 
If PTWAM is enabled, then 

Q -> C(PTWAMCi).FULL) for i > 
Ci) -> CCPTWAMCU.USE) for i 
CCV-pair)0.23 -> CCDSBR.AOOR) 
CCY-pair)37,50 -> CCDSBR* BOUND) 
CCY-pair)55 -> CCDSBR. U» 
CCY-pair)60,71 -> CCDSBR. STACK) 



0, 1, •••• 15 
•■ 0, 1, ••*, 15 

0, 1, •*•• 15 
: 0, 1, ••*, 15 



MODIFICATIONS: All except DU, DL, CI, SC, and SCR 



INDICATORS: 



None affected 



NOTESI 



The hardware assumes Y17 = 0, no check is made* 

The Associative Memories are cleared CFULL indicators 
reset) if they are enabled* 

See Section IV, Program Accessible Registers, and Section 

V, Addressing — Segmentation and Paging, for description 



and use, respectively, of the SDWAM, PTWAM, and DSBR. 

Attempted execution in Normal or 3AR Mode causes an 
Illegal Procedure Fault* 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 
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LOT 



Load Timer Register 



637 (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-11. 



SUMMARY* 



cmo,26 -> CUR) 



MODIFICATIONS: All except CI, SC, SCR 



INDICATORS: 



None Affected 



NOTESI 



Attempted execution in Normal or BAR Mode causes a Illegal 
Procedure Fault* 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault* 



LPTP 



Load Page Table Pointers 



257 (1) 



FORMATS 
SUMMARY I 



Basic Instruction Format (See Figure 2-1) 

For i = 0 V It •••» 15 

m = CCPTWAMf il.USE) 
CCY+m)0,li» -> C(PTWAM(m) .POINTER) 
C(Y+m)l5*26 -> C (PTHAM (m). PAGE) 
C(Y»m)27 -> C(PTWAM(m).F) 



MODIFICATIONS! All except DU, OL, CI. SCt SCR 



INDICATORS: 



None affected 



NOTES* 



The hardware assumes Yi**,17 = 0000; no check is made. 

The Associative Memory is ignored (forced to "no match") 
during Address Preparation* 



See Section IV. Program Accessible Registers, and Section 
V, Addressing — Segmentation and Paging, for description 
and use. respectively, of the PTHAM. 

Attempted execution in Normal or 3AR Mode causes an 
Illegal Procedure Fault* 

Attempted repetition with RPT, RPD» or RPL causes an 
Illegal Procedure Fault. 
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LPTR 



Load Page Table Registers 



173 (1) 



FORMAT I 
SUMMARY t 



Basic Instruction Format (See Figure 2-1) 

For i = 0, l t 15 
m = CCPTWAM(i).USE) 
C(Y*m)0,17 -> C(PTWAM(m).ADDR) 
C(Y*m)29 -> C(PTWAr.(m).M) 



MODIFICATIONSl All except DU, DL, CI* SC, SCR 



INDICATORS: 



None affected 



NOTES! 



The hardware assumes Yl*»,17 = 0000 « no check is made* 

The Associative Memory is ignored (forced to "no match") 
during Address Preparation. 

See Section IV, Program Accessible Registers* and Section 
V* Addressing — Segmentation and Paging* for description 
and use* respectively* of the PTWAM* 

Attempted execution in Normal or BAR Mode causes an 
Illegal Procedure Fault* 

Attempted repetition with RPT* RPD* or RPL causes an 
Illegal Procedure Fault* 



LRA 



Load Ring Alarm Register 



77<* (1) 



FORMATS 



Basic Instruction Format (See Figure 2-1) 



SUMMARY t 



C(Y) 33,35 -> C(RALR) 



MODIFICATIONS: All except DU, DL* CI, SC, SCR 



INDICATORS: 
NOTES: 



None affected 



Attempted execution in Normal or BAR Mode causes an 
Illegal Procedure Fault* 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault* 
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LSDP Load Segment Descriptor Pointers 257 (0) 

FORMAT t Basic Instruction Format CSee Figure 2-1), 

SUMMARY I For i - 0, 1, 15 

m = CCSOWAH(i).USE) 
C<Y*m)0,H» -> CCSOWAMIm). POINTER) 
ClY*m)17 -> CCSDWAMCm) .P) 

MODIFICATIONS! All except OU* OLt CI, SCt SCR 

INDICATORS! None affected 

NOTES! The hardware assumes Yl<»,17 = 0000 ; no check is made. 

The Associative Memory is ignored (forced to "no match*") 
during Address Preparation. 

See Section IV* Program Accessible Registers* and Section 
V, Addressing — Segmentation and Paging, for description 
and use, respectively, of the SDWAH. 

Attempted execution in Normal or 3AR Mode causes an 
Illegal Procedure Fault* 

Attempted repetition with RPT, RPO, or RPL causes an 
Illegal Procedure Fault. 
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LSOR 



Load Segment Descriptor Registers 



232 (i> 



FORMATS 
SUMMARY t 



Basic Instruction Format CSee Figure 2-1). 

For i = 0 V It •••• 15 
m = C(SDWAMU).USE) 
C(Y*2m)0,23 -> C ( SOWAMCm) . ADR) 
C(Y*2m) 2i*,32 -> C(SDWAMCm) .Rl, R2 f R3l 
C(Y«-2m)37,50 -> CCSDWAH(m) .BOUND) 
C(Y+2m>52»57 -> C(SDWAHfm) .R* E, W, P, U, G, C> 
C(Y*2mJ58,71 -> C( SDWAM(m) .CD 



MODIFICATIONS! 



AH except OU, DL * CI* SC. SCR 



INDICATORS* 



None Affected 



• NOTES I 



The hardware assumes Yl«»,17 = 0000 ; no check is made. 

The Associative Memory is ignored (forced to "no- match") 
during Address Preparation. 

See Section IV* Program Accessible Registers* and Section 
V* Addressing — Segmentation and Paging tor description 
and use* respectively* of the SDWAM. 

Attempted execution in Normal or BAR Mode causes an 
Illegal Procedure Fault. 

Attempted repetition with RPT* RPD* or RPL causes an 
Illegal Procedure Fault. 



RCU 



Restore Control Unit 



613 (0) 



FORMAT! 



Basic Instruction Format (See Figure 2-1). 



SUMMARY! C(Y-block8> words 0 to 7 -> C (Control Jnit Data) 

MODIFICATIONS! All except DU, DL, CI* SC, SCR 
INDICATORS! None affected 
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NOTESl See Section IV, Program Accesible Registers, for 

description and use of Control Unit Data. 

The hardware assumes Y15,17 = 000 and addressing is 
incremented accordingly; no check is made. 

Attempted execution in Normal or BftR Mode causes an 
Illegal Procedure Fault 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 
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REGISTER STORE 
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SCPR 



Store Central Processor Register 



t*SZ (0) 



FORMAT* 



Basic Instruction Format (See Figure 2-11 



SUMMARY I 



Store selected register as noted 



MODIFICATIONS! None. The instruction TAG field is used for register 
selection as follows. 



CCTAG1 
00 
01 

06 

20 

to 

60 



MEANING 

CtAPU History Register) -> C(Y-pair) 

CCFault Register) -> C(Y-pair)0,35 
00.. .0 -> ClY-pair) 36,71 

CCMode Register) -> CCY-pair) 0,35 
CCCache Mode Regiser) -> C(Y-pair) 36,71 

CCCU History Register) -> C(Y-pair) 

C(0U History Register) -> C(f-pair) 

C(0U History Register) -> C(f-pair) 



INDICATORS* 
NOTES! 



None affected 



See Section IV, Program Accessible Registers, 
description and use of the various registers. 



for 



For TAG values 00, 20, <»0, and 60, the History Register 
stored is selected by the current value of a Cyclic 
Counter for each Unit. The individual Cyclic Counters are 
advanced by one count for each execution of the 
instruction. 

The use of TAG values other than tnose defined above 
causes an Illegal Procedure Fault. 

Attempted execution in Normal or BAR Mode causes an 
Illegal Procedure Fault. 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 
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PRIVILEGED - REGISTER STORE 



SCU Store Control Unit 657 (0) 



FORMATS Basic Instruction Format (See Figure 2-1). 



SUMMARY* C(Control Unit Data) -> CCY-block8) words 0 to 7 



MODIFICATIONS! All except OU, DL * CI* SC. SCR 



INDICATORS: None affected 



NOTES* See Section IV, Program Accessible Registers* for 

description and use of Control Unit Data. 

The SCU instruction safe-stores control information 
required to service a Processor fault. The Control Unit 
Oata is not* in general* valid at any time except when 
safe-stored by the first instruction of a fault/interrupt 
vector. 

The hardware assumes Y15»17 = 000 and addressing is 
incremented accordingly; no check is made* 

Attempted execution in Normal or BAR Mode causes an 
Illegal Procedure Fault. 

Attempted repetition with RPT* RPD» or RPL causes an 
Illegal Procedure Fault* 
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PRIVILEGED - REGISTER STORE 



SDBR 



Store Descriptor Segment Base Register 



15<» (0) 



FORMAT* 



Basic Instruction Format ISee Figure 2-1) 



SUMMARY J 



CIOSBR.ADOR) -> CCY-pair) 0,23 
00. ..0 -> CCY-pair)2i»,36 
C(0S8R. BOUND! -> C< Y-pair > 37, 50 
0000 -> C(Y-pair>51,5*» 
C(OSBR.U) -> C<Y-pair>55 
000 -> CCY-pair!56,59 
C(DSBR*STACK» -> CC Y-pair ) 60, 71 



MODIFICATIONS* 



A 1 1 except DU, DL, CI, SC, SCR 



INDICATORS: None affected 

» 

NOTES* The hardware assumes Y 17 = 0» no chec« is made* 

C(DSBR) is unchanged* 

See Section IV, Program Accessible Registers, and Section 
V, Addressing — Segmentation and Paging for description 
and use, respectively, of the DBR. 

Attempted execution in Normal or BAR Mode causes an 
Illegal Procedure Fault* 

Attempted repetition mith RPT, RPD, or RPL causes an 
Illegal Procedure Fault* 
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PRIVILEGED - REGISTER STORE 



SPTP Store Page Table Pointers 557 (1) 

FORMATI Basic Instruction Format (See Figure 2-1). 

SUMMARY S For i = 0, 1, .... 15 

C ( PTWAM( i) • POINTER) -> C(Y*i>0,l<» 

C (PTWAMCi) .PAGE) -> C(Y*i)15,26 

CCPTWAMCi) .F) -> C(Y*i)27 

0000 -> C(Y+i)28,31 

C (PTWAMC i) .USE1 -> C(Y+i)32,35 

MODIFICATIONS! All except DU, DL , CI * SC, SCR 

INDICATORS: None affected 

NOTES! The hardware assumes that Yl*»,17 = 0000 , and addressing is 

„ incremented accordingly; no check is made. 

The contents of PTWAM(m) remain unchanged. 

The Associative Memory is ignored (forced to a "no match") 
during Address Preparation. 

See Section IV, Program Accessible Registers, and Section 
V, Addressing — Segmentation and Paging for description 
and use, respectively, of the PTWAM. 

Attempted execution in Normal or BAR Mode causes an 
Illegal Procedure Fault. 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 
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PRIVILEGED 



- REGISTER STORE 



SPTR Store Page Table Registers 15k CI) 

FORMATS Basic Instruction Format CSee Figure 2-i). 

SUMMARY! For i = 0, 1, 15 

C (PTWAM(i) .A DOR) -> CtYU)0,17 
00... .0 -> C(Y+i)18,28 
CCPTWAM(i) .Mi -> CCY+U29 
00. -.0 -> CCY+i) 30»3S 

MODIFICATIONS* At 1 except DU, DL. CI, SC, SCR 

INDICATORS! None affected 

NOTES! The hardware assumes that Yl<t,17 = 0000, and addressing 

will be incremented accordingly; no check is made. 

The contents of PTHAM(m) are unchanged. 

The Associative Memory is ignored (forced to a "no match") 
during Address Preparation. 

See Section IV, Program Accessible Registers, and Section 
V, Addressing — Segmentation and Pagiig for description 
and use, respectively, of the PTMAM. 

Attempted execution in Normal or 3AR Mode causes an 
Illegal Procedure Fault. 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 
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PRIVILEGED - REGISTER STORE 

« 

SSDP Store Segment Descriptor Pointers 557 (01 

FORMAT* Basic Instruction Format (See Figure 2-1). 

SUMMARY l For i = 0, 1, .... 15 

CfSOWAM(i). POINTER) -> C(Y*i>0.H» 

00. .,0 -> CIY«-i)15,26 

C (S0WAM( i) m F) -> ClY*i)27 

0000 -> C(Y*i)28,31 

CCSOWAM(i).USE) -> CCY*i)32,35 

MODIFICATIONS! All except DU , DL * CI, SC, SCR 

INDICATORS! None affected 

NOTES! The hardware assumes YH»,17 = 0000, and addressing is 

incremented accordingly; no check is made. 

The contents of SDWAM(i) are unchanged* 

The Associative Memory is ignored (forced to a "no match") 
during Address Preparation. 

See Section IV. Program Accessible Registers* and Section 
V, Addressing — Segmentation and Paging for description 
and use. respectively* of the SO WAN. 

Attempted execution in Normal or BAR Mode causes an 
Illegal Procedure Fault. 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 
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PRIVILEGED - REGISTER STORE 



SSOR 



Store Segment Descriptor Registers 



25<» (i) 



FORMATS 



Basic Instruction Format (See Figure 2-i). 



SUMMARY! 



For i = Ot It •••» IS 

C (SDWAM( i) « ADDR) -> C ( Y*2i -pair) 0,23 

CCSDWAMf ll.Rl, R2, R3) -> C(Y*2i-pair )2«»,32 

0000 -> C(Y+2i-pair)33,36 

C(S0WAM( i) .BOUND) -> C(Y*2i-pair )37,50 

C(SOWAN(i).R, E, P, U, G, C) -> Cm2i-pair) 51,57 

C(SDWAM(i).CL) -> C(Y+2i-pair)58,71 



MODIFICATIONS: All except DU, DL» CI, SC, SCR 



INDICATORS* 



None affected 



NOTES! 



The hardware assumes Y13,17 = 00000, and addressing is 
incremented accordingly; no check is fade. 

The contents of SDWAM(i) are unchanged. 

The Associative Memory is ignored (forced to a "no match**) 
during Address Preparation. 

See Section IV, Program Accessible Registers, and Section 
V, Addressing — Segmentation and Paging for description 
and use, respectively, of the SDMAM. 

Attempted execution in Normal or BAR Mode causes an 
Illegal Procedure Fault* 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault* 



REVIEW DRAFT 
SUBJECT TO CHANGE 
October, 1975 



2-161 



AL39 



PRIVILEGED - CLEAR ASSOCIATIVE MEMORY 



CAMP Clear Associative Memory Paged 532 (1) 



FORMAT! Basic Instruction Format (See Figure 2-1). 



SUMMARY* For i = 0, 1, .... 15 

Q -> CCPTWAM(i).F) 
CI) -> CCPTMAM(i) .USE) 



MODIFICATIONS: AM except DU, DL» CI, SC, SCR 



INDICATORS! None affected 



NOTES! The Full/Empty bit of each PT HAM Register is set to 0, and 

the usage counters (PTWAM.USE) are set to tneir 
pre-assigned values of 0 through 15. The remainder of of 
C (PT WAM( i) ) is unchanged. 

The execution of this instruction enaales the PTWAM if it 
is disabled and CCTPR.CA) 16,17 = 01. 

The execution of this instruction disables the PTWAM if 
C(TPR.CA)16,17 = 10. 

If C(TPR.CA)15 = 1, a selective clear of cache is 
executed. Any cache block for nhich tTe upper ih bits of 
the directory entry equal C(TPR.CA) 0, 13 will have its 
Full/Empty bit set to Empty. 

See Section IV, Program Accessible Registers and Section 
V, Addressing — Segmentation and Paging for description 
and use, respectively, of the PTWAM. 

Attempted execution in Normal or BAR Mode causes an 
Illegal Procedure Fault. 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure fault. 
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PRIVILEGED - CLEA* ASSOCIATIVE MEMORY 



CAMS Clear Associative Memory Segments 532 10) 



FORMAT I Basic Instruction Format (See Figure 2-1). 



SUMMARY I For i = 0, 1, .... 15 

0 -> CCSOWAMCn.FI 
(i) -> C(SOWAM(i ).USE) 



MODIFICATIONS* All except DU, DL » CI, SC , SCR 



INDICATORS: None affected 



NOTES* The Full/Empty bit of each SD MAM Register is set to zero* 

and the usage counters (SDWAM.USE) are initialized to 
their pre-assigned values of 0 through 15, The remainder 
of C(S0WAH(i)) are unchanged. 

The execution of this instruction enables the SOW AM if it 
is previously disabled and if CCTPR.CA) 16,17 = 01. 

The execution of this instruction disables the SD HAM if 
C(TPR.CA)16,17 « 10. 

The execution of this instruction sets the Full/Empty bits 
of all cache blocks to Empty if C(TPR.2A)15 = 1. 

See Section IV* Program Accessible Registers* and Section 
V, Addressing — Segmentation and Paging for description 
and use, respectively, of the SDMAM. 

Attempted execution in Normal or 3AR Mode causes an 
Illegal Procedure Fault. 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 
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" p r AVH eqed fl - ~ Conf i ati ratiQn"and"Sfatu^ a 

RMCM Read Memory Controller Mask Register 233 (0) 

FORMAT I Basic Instruction Format (See Figure 2-1). 

SUMMARY I For the selected System Controller* 

If the Processor has a Mask Registe- asssigned, then 

C(MR)Q,15 -> C{AQ>0,15 

00.. .0 -> C(AQ) 16,31 

C(HR>32,35 -> C(AQ)32,35 

C<MR)36,51 -> C(AQ>36,51 

00*. .0 -> C(AQ)52,67 

C(MR)68,71 -> CCAQ)68,71 
otherwise* 00...Q -> C(AQJ 

MODIFICATIONS! AH except DU, OL, CI, SC. SCR 

^INDICATORS* {Indicators not listed are not affected) 

Zero If C(AQ) = 0, then ON; otherwise OFF 

Negative If C(AO)0 = It then ON, otherwise OFF 

NOTES* The contents of the Mask Register remain unchanged. 

C(TPR.CA)0,2 specify which Processor Port (i.e.* which 
System Controller) is used. 

Attempted execution in Normal or BAR Mode causes an 
Illegal Procedure Fault. 
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RSCR 



Read System Controller Register 



klZ CO) 



FORNATI 
SUMMARY! 



Basic Instruction Format (See Figure 2-l>« 



The effective address* Y, is used to select a system 
controller ( SCU) and the function to be performed as 
fol Iomsi 



Effective 
Addr ess 

yOOODx 

yOOOlx 

yOOQZx 

y0012x 

y0Q22x 

y0032x 

y00<*2x 

y0052x 

y0062x 

y0072x 

y0003x 

yOOOUx 

or 
yOOOSx 

y 0006x 

or 
y0007x 

where: 



EunctipQ 

C(SCU Mode Register) -> CCAQ) 

i 

C(SCU Configuration Switches) -> CCAQ) 
C( Interrupt Mask Port 0) -> CCAQ) 
CC Interrupt Mask Port 1) -> C(AQ) 
C( Interrupt Mask Port 2) -> C(AQ) 
CCInterrupt Mask Port 3) -> CCAQ) 
CCInterrupt Mask Port h) -> CCAQ) 
CCInterrupt Mask Port 5) -> CCAQ) 
CCInterrupt Mask Port 6) -> CCAQ) 
CCInterrupt Mask Port 7) -> CCAQ) 
CCInterrupt Cells) -> CC A3) 

CCSystem Clock) -> CCAQ) 

CCStore Unit Mode Registe-) -> CCAQ) 

y = octal value of Y0,2 as used to select SCU 
x = any octal digit 



MODIFICATIONS! All except OU, DL • CI, SC, SCR 



INDICATORS: 



None affected 



NOTES* 



See Section IV, Program Accessible Registers, 
description and use of the various registers* 



for 



For effective addresses yOOQbx and y0007x. Store Unit 
selection is done by the normal address decoding function 
of the System Control ler. 
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PRIVILEGED - CONFIGURATION AND STATUS 



Attempted execution in Normal op BAR Node causes an 
Illegal Prodecure Fault. 

Attempted repetition with RPL causes an Illegal Procedure 
Faul t. 



RSW 



Read Switches 



231 (0) 



FORMAT* 
SUMMARY* 



Basic Instruction Format (See Figure 2-1). 

The effective address* Y* is used to select certain 
Processor switches whose settings are read into CCA). 

The switches selected are as follows! 

Effective 
Address Function 

xxxxxO C(0ata Switches) -> CfA) 

xxxxxl CCConfig. Switches* ports A* B* C* 0) -> CfA) 

xxxxx 2 00. .. 0 -> C(A)D,5 

CfFault Base Switches) -> C(A)6,12 

00.. .0 -> C(A)13,26 

CCProcessor ID) -> C(A) 27,33 

CCProcessor Number Switches) -> C(A)3*»,35 

xxxxx3 CCConfig. Switches* ports E, F» G* H) -> CfA) 

xxxxx*t 00*. .0 -> CfA)0,12 

CfPort Interlace and Size Switches) -> CfA)13*28 
00. ..0 -> C(A)29«35 



MODIFICATIONS! 



All* but none affect instruction execution 



INDICATORS* 



(Indicators not listed are not affected) 



Zero If CfA) - 0* then ON* otherwise OFF 

Negative If C(A)0 = 1, then ON; otherwise OFF 



NOTES* 



See Section IV* Program Accessible Registers for 
description and use of the switch data. 



Attempted execution in Normal or BAR Mode causes an 
Illegal Procedure Fault. 

Attempted repetition with RPT* RPD, or RPL causes an 
Illegal Procedure Fault. 
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PRIVILE3ED - SYSTEM CONTROL 



'P rivileged ^ - ~SvstfenCC Qnt TOl * 



CIOC 



Connect I/O Channel 



015 CO) 



FORMATS 



Basic Instruction Format (See Figure 2-11 • 



SUMMARY t 



The System Controller addressed by Y (i.e.» contains the 
word at Y) sends a connect pulse to the port specified by 
C(Y)33*35. 



MODIFICATIONS! All except OU, DL, CI* SC, SCR 



INDICATORS* 



None affected 



NOTESI 



Attempted execution in Normal or BAR Mode causes an 
Illegal Procedure Fault. 

Attempted repetition with RPT* RPD* or RPL causes an 
Illegal Procedure Fault. 



SMCM 



Set Memory Controller Mask Register 



553 CO) 



FORMATS 
SUMMARY! 



Basic Instruction Format (See Figure 2-1). 

For the selected System Controller! 

If the Processor has a Mask Registe* assigned* then 
C(AQ)0*15 -> C(MR)0*15 
C(AQ.)32,35 -> C(MR)32,35 
C(AQJ36*51 -> C(MR)36*51 
C(AQJ68*ri -> C(MR)68,71 
otherwise* a Store Fault* Not Contra I* occurs* 



MODIFICATIONS} All except OU, DL* CI* SC* SCR 



indicators: 



None affected 



NOTES* 



CCAQJ are unchanged. 

C(TPR.CA)0«2 specify which Processor Port (i.e.* which 
System Controller) is used. 

Attempted execution in Normal or 3AR Mode causes an 
Illegal Procedure Fault. 
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Attempted repetition with RPL causes an Illegal Procedure 
Paul t. 



SMIC 



Set Memory Controller Interrupt Cells 



*»51 (0) 



FORMAT! 
SUMMARY » 



Basic Instruction Format (See Figure 2-1). 

For i s 0, l t •>•« 15 and C(A>35 s Ox 

if C(A)i = It then set Interrupt Cell i ON 

For i = 0t It ... tl5 and C(A)35 = II 

if C(A)i = l f then set Interrupt Cell 16*1 OM 



MODIFICATIONS! All except OUt OL, CI* SC, SCR 



INDICATORS* 



None affected 



NOTES* 



C(TPR.CAI0 f 2 specify which Processor Port (i.e., which 
System Controller) is used. 

Attempted execution in Normal or BAR Mode causes an 
Illegal Procedure Fault. 
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PRIVILEGED - SYSTEM CONTROL 



SSCR 



FORMAT! 
SUMMARY* 



Set System Controller Register 057 10) 

Basic Instruction Format (See Figure 2-11 • 



The effective address* Y, is used to select a System 
Controller CSCU) and the function to be performed as 



f Ol 1 OMSl 














Effective 

Address 


Funct i on 








yOOQOx 


C(AQ) 


-> 


CCSCU Mode Register) 




yOOOlx 


Reserved 










y0002x 


C ( AQ) 


— > 


C (Interrupt 


Mask 


Port 


0) 


y0012x 


CCAQ) 


-> 


CCInterrupt 


Mask 


Port 


1) 


y0022x 


C(AQ) 


-> 


CCInterrupt 


Mask 


Port 


2) 


y0032x 


CCAQ) 


-> 


C CInterrupt 


Mask 


Port 


3) 


y0Q<f2x 


Cf AQ) 


-> 


C CInterrupt 


Mask 


Port 


«») 


yOQ52x 


CCAQ) 


-> 


CCInterrupt 


Mask 


Port 


5) 


y0062x 


CCAQ) 


-> 


C CInterrupt 


Mask 


Port 


6) 


y 0072x 


C(AQ) 


-> 


C CInterrupt 


Mask 


Port 


7) 


y 000 3x 


CCAQ)Q*15 -> CCInterrupt 
CCAQ)36,5l -> CCInterrupt 


Cells)C0,15) 
Cel Is) (16,31) 



y0006x 

or 
y0007x 

Hherei 



C(AQ) -> C(Store Unit Mode Register) 

y - octal value of Y0,2 as used to select SCU 
x = any octal digit 



MODIFICATIONS! All except DU» DL, CI* SC, SCR 



INDICATORS: 



None affected 



NOTESl If the Processor does not have a Mask Register assigned in 

the selected System Controller* a Store Fault* Not 
Control* Mill occur* 

For effective addresses yOOO&x and y0OQ7x* Store Unit 
selection is done by the normal address decoding function 
of the System Controller. 
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See Section IV» Program Accesslale Registers, for 
description and use of the various registers. 

Attempted execution on Normal or B4R Mode causes an 
Illegal Procedure Fault. 
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" Pritfileacd a - 'Hi see 1 1 aneou^a 



AOSA 



Absolute Address to Accumulator 



212 (01 



FORMAT! 



Basic Instruction Format (See Figure 2-1). 



summary: 



Final Main Store Address -> C(A)0,23 
00.. .0 -> C(A)2t»,35 



MODIFICATIONS* AM except OU , DL* CI* SC, SCR 



INDICATORS? 



(Indicators not listed are not affected) 



Zero If C(A) = 0, then ON; otherwise OFF 

Negative If C(A)0 = 1* then ON; otherwise OFF 



NOTES* 



If the ADSA instruction is executed in Absolute mode* C(A) 
will be undefined* 

Attempted execution in Normal or BAR modes causes an 
Illegal Procedure Fault. 

Attempted repetition with RPT* RPD* or RPL causes an 
Illegal Procedure Fault. 



DIS 



Delay Until Interrupt Signal 



616 (0) 



FORMATS 



Basic Instruction Format (See Figure 2-1). 



SUMMARY: 



No operation takes place* and the Processor does not 
continue with the next instruction; it waits for a 
program interrupt signal. 



MODIFICATIONS: All* but none affect instruction execution 



INDICATORS: 



None affected 



NOTES: Attempted execution in Normal or BAR Mode causes an 

Illegal Procedure Fault. 

Attempted repetition Hith RPT* RPD* or RPL causes an 
Illegal Procedure Fault. 
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EIS - ADDRESS REGISTER LOAO 



-EXTENPEP-IttSTRUCTIQN:^fcia_-rEIiai 

AARn Alphanumeric Descriptor to ARn 56n CI) 

FORMAT! EIS Single-Word Instruction (See Figure 2-1). 

SUMMARY s For n = 0, 1, or 7 as determined ay operation code 

C(Y)0,1? -> CCPRn.MORDNO) 
It C(Y)21,22 = 00 (TA code = 0), then 

C(Y)18,19 -> C(PRn.CHAR) 

0000 -> C(PRn.BITNO) 
It C(Y)21,22 ~ 01 f TA code = 1), then 

(6 » C(Y> 18,20) / 9 -> C(PRn.CHAR) 

(6 • C(Y)18,2Q) modulo 9 -> C(PRn.BITNO) 
It C(Y)2i,22 = 10 (TA code = 2), then 

C(Y) 18,20 / 2 -> C(PRn.CHAR) 

k » CC(Y)18,20) modulo 2) ♦ 1 -> C(PRn.BITNO) 
MODIFICATIONS* All except DU, DL, CI, SC, SCR 
INDICATORS! None affected. 

NOTES! An alphanumeric descriptor is fetched from Y and C(Y) 21,22 

f TA field) is examined to determine the data type 
described. 

If TA = 0 19-bit data), C(Y)18,19 goes to C(PRn.CHAR) and 
zeros fill CCPRn.BITNO). 

If TA s 1 16-bit data) or TA - 2 («»-bit data), C(Y)18,20 
is appropriately translated into an equivalent character 
and bit position that goes to C(PRn.CHAR) and 
C(PRn.BITNO). 



If C(Y)21,22 = 11 (TA code » 3) an Illegal Procedure Fault 
occurs. 

If C(Y)23 = 1 an Illegal Procedure Fault occurs. 

If C(Y)21,22 = 00 (TA code = 0) and C(Y)20 » 1 an Illegal 
Procedure Fault occurs. 

If C(Y)21,22 = 01 (TA code = 1) and C(Y)18,20 = 110 or 111 
an Illegal Procedure Fault occurs. 
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EIS - ADDRESS REGISTER LOAO 



Attempted repetition with RPT, RPO, op RPL causes an 
Illegal Procedure Fault. 



LARn 



Load Address Register n 



76n (1) 



FORMAT! 



SUMHARY1 



EIS Single-Word Instruction (See Figure 2-11. 

For n = Of It •••• or 7 as determined by operation code 
C(Y)0,23 -> CCARn) 



MOOIFICATIONSS All except OUt DL* CI, SC, SCR 



INDICATORS* 



None affected 



NOTESt 



Attempted repetition with RPT, RPDt or RPL causes an 
Illegal Procedure Fault. 



LAREG 

..FORMAT! 
SUMMARY! 



Load Address Registers 



EIS Single-Word Instruction (See Figure 2-1) 



kbZ (1) 



For n - Of 1« «••* 7 
CCY+n)0,23 -> C(ARn) 



MODIFICATIONS! All except DU * DL, CI* SC* SCR 



INDICATORS! 



None affected 



NOTES! 



The hardware assumes Y15»17 = 000 and addressing is 
incremented accordingly; no check is made* 

Attempted repetition with RPT* RPD* or RPL causes an 
Illegal Procedure Fault. 



LPL 



Load Pointers and Lengths 



<»67 (1) 



FORMAT! 



EIS Single-Word Instruction (See Figure 2-11. 



SUMMARY: 



C(Y-b!ocK8) -> CCOecimal Unit Control Data) 



MODIFICATIONS! All except DU, DL, CI, SC, SCR 
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EIS - ADDRESS REGISTER LOAO 



INDICATORS! None affected 



NOTESI See. Section IV. Program Accessibls Registers, for 

description and use of Decimal Unit Control Data. 

The hardware assumes YI5,17 = 000 and addressing is 
incremented accordingly; no check is made. 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 



NARn Numeric Descriptor to ARn 66n (1) 



FORMAT: EIS Single-Word Instruction (See Figure 2-1). 



SUMMARY: For n = 0, 1, •••* or 7 as determined by operation code 

C(Y)0,17 -> CCPRn.WORDNO) 
If C(Y)21 = 0 (TN code = 0), then 

C(Y)18,2Q -> C(PRn.CHAR) 

0000 -> C(PRn. BITNO) 
If C(Y)2i - 1 (TN code = 1), then 

(C(Y)18,20) / 2 -> C(PRn.CHAR) 

i» * (C(Y)18,20 modulo 2) ♦ 1 -> 3 (PRn. BITNO) 

MODIFICATIONS: All except DU , DL, CI, SC, SCR 
INDICATORS: None affected 

NOTES! A numeric descriptor is fetched from Y and C(Y)21 (TN bit) 

is examined. 

If TN = 0 (9-bit data), then C(Y)18,19 go to C(PRn.CHAR) 
and zeros fill C (PRn. BITNO ) . 

If TN = 1 <*»-bit data), C(Y)18,2D is appropriately 
translated to an equivalent character and bit position 
that goes to C(PRn.CHAR) and C(PRn.BITMO) • 



If C(Y)21 = 0 (TN code = 0) and C(Y)20 = 1 an Illegal 
Procedure Fault occurs. 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 
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EIS - ADDRESS REGISTER STORE 



* EIS - Addrgss^Register st o re .3 



ARAn 



ARn to Alphanumeric Descriptor 



5<»n 11) 



FORMAT! 
SUMMARY* 



EIS Single-Word Instruction CSee Figure 2-1). 

For n = Of 1* •••« or 7 as determined oy operation code 
C(PRn.WORONO) -> C(Y)0,17 
If C(Y)21,22 = 00 (TA code = 0), then 

C(PRn.CHAR) -> C(Y)18,19 

0 -> C(Y)20 
If C(Y)2l*22 = 01 (TA code = 1), then 

(9 * C(PRn.CHAR) ♦ C(PRn.BITNO) f 6 -> C(Y)18,20 
If C(Y)21,22 - 10 (TA code * 2), then 

(9 • C(PRn.CHAR) ♦ C (PRn.BITNO) -!)/<»-> C(Y)18,20 



MOOIFICATIONSS All except DU , ,DL. CI* SC, SCR 



INDICATORS! 



None affected 



NOTES! 



This instruct ion is the inverse of AARi. 

The alphanumeric descriptor is fetched from Y and 
C(Y)21,22 IT A field) is examined to determine the data 
type described. 

If TA s 0 (9-bit data)* CIPRn.CHAR) goes to C(Y)18,19. 

If TA a l (6-bit data) or TA = 2 U-bif data), C(PRn.CHAR) 
and C(PRn.BlTNO) are translated to an equivalent character 
position that goes to C(Y)18*20. 

If C(Y)21,22 =11 (TA code = 3) or CCY)23 = 1 (unused 
bit)* an Illegal Procedure Fault occurs. 

Attempted repetition with RPT* RPD* or RPL causes an 
Illegal Procedure Fault. 
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EIS - ADDRESS REGISTER STORE 



ARNn 



ARn to Numeric Descriptor 



6<*n (1) 



FORMATS 



EIS Single-Word Instruction (See Figure 2-1). 



SUMMARY I 



For n = 0, 1, •••t or 7 as determined ay operation code 
C(PRn.WORDNO) -> C(Y)0,17 
If C(Y)21 = 0 (TN code = 0), then 

C(PRn.CHARI -> C(Y)18,19 

0 -> C(Y)20 
If C(Y)21 = 1 (TN code = 1), then 

(9 * C(PRn.CHAR) «• C(PRn.BITNO) - 1> / k -> C(Y)18,20 



MODIFICATIONS* All except DU, DL» CI, SC, SCR 



INDICATORS* 



None affected 



NOTES! 



This instruction is the inverse of NARi. 

The numeric descriptor is fetched from Y and C(Y)21 (TN 
bit) is examined. 

If TN - 0 19-bit data), then C(PRn.CHAR) goes to 
C(Y)18,19. 

If TN = 1 (fc-bit data), then C(PRn.CHAR) and C(PRn.BITNO) 
are translated to an equivalent cha-acter position that 
goes to C(Y)18,20. 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 



SARn 



Store Address Register n 



7«»n (1) 



FORMAT* 
SUMMARY S 



EIS Single-Word Instruction (See Figure 2-i). 

For n = 0, 1, or 7 as determined oy operation code 

C(PRn.AR) -> C(Y)0,23 



00. -.0 -> C(Y)2t»,35 
MODIFICATIONS: All except DU * DL, CI, SC, SCR 
INDICATORS: None affected 
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EIS - ADDRESS REGISTER STORE 



NOTESI 



Attempted repetition with RPT* RPD* op RPL causes an 
Illegal Procedure Fault. 



SAREG 



Store Address Registers 



kkZ (1) 



FORMATS 
SUMMARY S 



EIS Single-Word Instruction (See Figure 2-1) 

For n = 0* it • ••* 7 

C(ARn) -> C(Y*n)0,23 
00.. .0 -> C{Y+n>2^,35 



MODIFICATIONS: All except DU» DL* CI* SC» SCR 



INDICATORS J None affected 



NOTES The hardware assumes Y15.17 = 000 and addressing is 

incremented accordingly; no check is made* 

Attempted repetition with RPT* RPD* or RPL causes an 
Illegal Procedure Fault* 



SPL Store Pointers and Lengths 4<»7 (1) 



FORMATS EIS Single-Word Instruction (See Figure 2-1) 

SUMMARY! C(Deciaal Unit Control Data) -> C(Y-block8) 



MODIFICATIONS* AM except DU, DL* CI* SC, SCR 



INDICATORS: None affected 



NOTESS The hardware assumes Y15,17 = 000 and addressing Is 

incremented accordingly; no check is made* 

See Section IV* Program Access is 1 e Registers* for 
description and use of Decimal Unit Control Data* 



Attempted repetition with RPT* RPD* or RPL causes an 
Illegal Procedure Fault* 



REVIEW DRAFT 
SUBJECT TO CHANGE 
October* 1975 



2-177 



AL39 



EIS - ADDRESS REGISTER SPECIAL ARITHMETIC 



** EIS - Addr&ss-R £aialan-S.o£c i a I "Anil hrcetlc. a 



A<»BD 



Add *»-Bit Displacement to Address Register 



502 (1> 



FORMAT! 



0 0 

-2-1. 



I l 
1 ARn t 
J L 



1 1 



ADDRESS 



2 2 2 3 3 3 



OPCODE 



J J J s 

i i j a j o o : 
.l-±_J L 



REG 



3 18 10 t 1 2 k 

Figure 2-12 EIS Address Register Special Arithmetic Instruction Format 



ARn 

ADDRESS 

OPCODE 

I 

A 

REG 



Number of Address Register selected 

Literal word displacement value 

Instruction operation code 

Program Interrupt inhibit bit 

Use Address Register contents flag 

Any Register Modifier except DU. 0L» a-»d IC 



SUMMARY t 



If A - 0t then 

ADDRESS «■ C (REG) / k -> CC PRn. W0RDN3 ) 

C (REG) modulo h -> C(PRn.CHAR) 

«♦ * (C(REG) modulo 2) «• 1 -> C(PRn.3ITNO) 

If A - 1« then 

C (PRn.WORONO) «■ ADDRESS ♦ (9 * C(PR^.CHAR) * h * C (REG) 
♦ C(PRn.8ITN0) ) / 36 -> C (PRn. WORD NO) 

((9 * C(PRn.CHAR) ♦ <f » C(REG) ♦ 

C(PRn.BITNO) ) modulo 36) / 9 -> C(PRn.CHAR) 

i* * (C(PRn.CHAR) ♦ 2 * C (REG) ♦ 

C(PRn.BITNO) / <» ) modulo 2 ♦ 1 -> C(PRn.BITNO) 



MODIFICATIONS: None except AU, QU, AL, QL, or Xn 



INDICATORS: None affected 



NOTES* The steps described in SJMMARf define special *+-bit 

addition arithmetic for ADDRESS. CUEG), C (PRn. WORDNO) » 
C(PRn.CHAR), and C( PRn.BITNO) • 
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EIS - ADDRESS REGISTER SPECIAL ARITHMETIC 



The use of an Address Register is inherent; the value of 
bit 29 affects Address Preparation but not instruction 
decoding* 

Attempted repetition with RPT. RPD. or RPL causes an 
Illegal procedure Fault. 



A6B0 



Add 6-Bit Displacement to Address Register 



SOI 111 



FORMAT! 



EIS Address Register Special Arithmetic Instruction 
(See Figure 2-12) • 



SUMMARY! If A = 0, then 

ADDRESS «■ C(REG) / 6 -> C ( PRn. W0RDN3 ) 

<(6 * C (REG) ) modulo 36) / 9 -> C(PRn.CHAR) 

(6 * C( REG ) ) modulo 9 -> C(PRn.BITND) 

If A = I, then 

C(PRn.WORDNO) *• ADDRESS ♦ (9 » C(PRn.CHAR) ♦ 6 » C (REG) 
♦ CCPRn.BITNO) ) / 36 -> CtPRn.WORDNO) 

((9 • CCPRn.CHAR) ♦ 6 » C(REG) ♦ 

C(PRn.BITNO)) modulo 36) / 9 -> C(PRn.CHAR) 

(9 • CCPRn.CHAR) ♦ 6 ♦ C(REG) ♦ 

C(PRn.BITNO)) modulo 9 -> CCPRn.BITNO) 



MODIFICATIONS! None except AU« QU, AL f Q.L, and Xn 
INDICATORS! None Affected 



NOTES! The steps described in SUMMARY define special 6-bit 

addition arithmetic for ADDRESS* CUEG), C (PRn. WORDNO) » 
C (PRn. CHAR), and C( PRn.BITNO) • 

The use of an Address Register is inhe-ent; the value of 
bit 29 affects Address Preparation but not instruction 
decoding. 

Atempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 
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EIS - ADDRESS REGISTER SPECIAL ARITHMETIC 



A9BD 



Add 9-Bit Displacement to Address Register 



500 (1) 



FORMAT! 



EIS Address Register Special Arithmetic Instruction 
(See Figure 2-12). 



SUMMARY ! 



MODIFICATIONS! 

INDICATORS! 

NOTESI 



If A x o, then 

ADDRESS ♦ C (REG) / <♦ -> C(PRn. WOR0N0) 

C (REG) modulo h -> C(PRn.CHAR) 

If A - it then 

C(PRn.WORONO) ♦ ADDRESS ♦ 

(C(REG) ♦ C(PRn.CHAR) )/<» -> C (PRn. WORONO) 

(C(PRn.CHAR) ♦ C (REG) ) modulo t* -> C(PRn.CHAR) 

0000 -> C(PRn.OITNO) 

None except AU, QU» AL« QL» and Xn 

None affected 



The steps described in SUMMARY define special 9-bit 
addition arithmetic for ADDRESS, CUEG), C (PRn. HORDNO) , 
and C(PRn.CHAR). 

The use of an Address Register is inherent; the value of 
bit 29 affects Address Preparation but not instruction 
decoding. 

Attempted repetition with RPT« RPD, or RPL causes an 
Illegal Procedure Fault. 



ABO 



Add Bit Displacement to Address Register 



503 (1) 



FORMAT! 



EIS Address Register Special Arithmetic Instruction 
(See Figure 2-12). 



SUMMARY! 



If A = Of then 

ADDRESS ♦ C ( REG) / 3b -> C ( PRn. WOROMO) 



(C (REG) modulo 36) / 9 -> C(PRn.CHA^) 
C (REG) modulo 9 -> C(PRn.BITNO) 
If A = 1, then 

C(PRn.WORDNO) ♦ ADDRESS ♦ (9 ♦ C(PRn.CHAR) ♦ 36 » C(REG) 
♦ C(PRn.3ITN0) ) / 36 -> C (PRn. HORDNO) 
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EIS - AOORESS REGISTER SPECIAL ARITHMETIC 



((9 • CCPRn.CHAR) ♦ 36 » CCREG) ♦ 

CCPRn. BITNO)) modulo 36) / 9 -> CCPRn.CHAR) 

(9 ♦ CCPRn.CHAR) ♦ 36 ♦ CCREG) ♦ 

C (PRn.BI TNO) ) modulo 9 -> C(PRn.BITNO) 



MODIFICATIONS* None except AU, QU, AL, QL, or XN 



INDICATORS! 



None affected 



NOTES* 



The s.teps described in SUMMARY define special bit addition 
arithmetic for ADDRESS, C (REG) , CCPRn. WORDNO) , 
C(PRn.CHAR), and C( PRn.dlTNO) • 

The use of an Address Register is inhe*ent; the value of 
bit 29 affects Address Preparation but not instruction 
decoding* 

Attempted repetition with RPT, RPDt or RPL causes an 
Illegal Procedure Fault. 



AWD 



Add Word Displacement to Address Register 



507 CI) 



FORMAT! 



EIS Address Register Special Arithmetic Instruction 
(See Figure 2-12). 



SUMMARY* 



If A = o, then 

ADDRESS ♦ C (REG) -> C (PRn. WORDNO) 
If A = if then 

C(PRn.WORDNO) ♦ ADDRESS ♦ C (REG ) ->2 (PRn. WORDMO) 
00 -> CCPRn.CHAR) 
0000 -> C(PRn.BITNO) 



MODIFICATIONS* None except AU, QU, AL, QL, and Xn 



INDICATORS* 



None affected 



NOTES* 



The use of an Address Register is inherent; the value of 



bit 29 affects Address Preparation but not instruction 
decod ing. 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 
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EIS - ADDRESS REGISTER SPECIAL ARITHMETIC 



S<»BD 



Subtract *»-bi t Displacement from Address Register 522 (1) 



FORMATl 



EIS Address Register Special Arithmetic Instruction 
(See Figure 2-12). 



SUMMARY I 



If A = 0, then 

- (ADDRESS «• C (REG ) / <t> -> C ( PRn. W3RDNO ) 

- C (REG) modulo t* -> C(PRn.CHAR) 

- <♦ • (C (REG) modulo 2) ♦ 1 -> C(PR"».BITN0) 

If A = 1, then 

C(PRn.WORDNO) - ADDRESS ♦ (9 ♦ C(PRn.CHAR) - k » C(REG) 
+ C(PRn.BITNO) ) / 3b -> C(PRn. W0R3N0) 

((9 * C(PRn.CHAR) - <♦ » C(REG) «■ 

C (PRn.BITNO) ) modulo 36) / 9 -> C(PRn.CHAR) 

«» * (C(PRn.CHAR) - 2 » C (REG) ♦ 

C(PRn.BITNO) / <» > modulo 2 ♦ 1 -> C(PRn.BITNO) 



MODIFICATIONS t 
.INDICATORS: 
NOTES* 



None except AU, QU, AL» QL* or Xn 



None affected 



The steps described in SUMMARY define special «»-bit 

subtraction arithmetic for ADDRESSt CREG), C ( PRn. W ORD NO ) , 
C(PRn.CHAR), and C(PRn. BITNO) . 

The use of an Address Register is imerent? the value of 

bit 29 affects Address Preparation bjt not instruction 
decod ing. 



Attempted repetition nith RPT, 
Illegal procedure Fault. 



RPDi 



or RPL causes an 



S6BD 



Subtract 6-Bit Displacement from Address Register 521(1) 



FORMAT t 



EIS Address Register Special Arithmetic Instruction 
(See Figure 2-12). 



SUMMARY I 



If A = 0, then 

- (ADDRESS ♦ C (REG ) / 6) -> C ( PRn. WDRONO ) 

- ((6 * C( REG) ) moculo 36) / 9 -> C(PRn.CHAR) 

- ((6 » C(REG)) modulo 9 -> C(PRn.BITNO) 
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EIS - ADDRESS REGISTER SPECIAL ARITHMETIC 



If A - 1, then 

C(PRn. WORDNO) - ADDRESS ♦ (9 ♦ C(PR-i.CHAR) - 6 » C(REG) 
♦ C(PRn.BITNO) ) / 36 -> C(PRn. WOR3NO) 

((9 • C(PRn.CHAR) - 6 • C(RE6) ♦ 

C(PRn.BITNO)) modulo 36) / 9 -> C(PRn.CHAR) 

(9 ♦ C(PRn.CHAR) - 6 » C (REG) ♦ 

C(PRn.BITNO) ) modulo 9 -> C(PRn.BITNO) 



MODIFICATIONS! 

INDICATORS: 

NOTES! 



None except AU, QU, AL» QL, and Xn 



None Affected 



The steps described in SUMMARY define special 6-bit 
subtraction arithmetic for ADDRESS* C (REG) • C (PRn. WORDNO) • 
C(PRn.CHAR), and C ( PRn. BITNO) • 

The use of an Address Register is inherent? the value of 
bit 29 affects Address Preparation bjt not instruction 
decoding* 

Atempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 



S9BD 



Subtract 9-Bit Displacement from Address Register 520 (1) 



FORMATS 



EIS Address Register Special Arithmetic Instruction 
(See Figure 2-12). 



SUMMARY t 



If A = 0, then 

- (ADDRESS «• C (REG ) / k) -> C ( PRn. WORDNO ) 

- C(REG) modulo h -> C(PRn.CHAR) 

If A - 1, then 

C(PRn. WORDNO) - ADDRESS «■ 

(C(PRn.CHAR) - C (REG) ) / k -> C(PR.CHAR) 

(C(PRn.CHAR) - C (REG) ) modulo k -> 2(PRn.CHAR) 

0000 -> C(PRn.BITNO) 



MODIFICATIONS! None except AU, QU, AL, QU, or Xn 
INDICATORS: None affected 

NOTES: The steps described in SUMMARY define special 9-bit 

subtraction arithmetic for ADDRESS. C(REG) « C ( 3 Rn. WORDNO) , 
and C(PRn.CHAR). 
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EIS - ADDRESS REGISTER SPECIAL ARITHMETIC 



The use of an Address Register is inherent: the value of 
bit 29 affects Address Preparation bjt not instruction 
decoding. 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 



SBO 



Subtract Bit Displacement from Address Register 



523 (1) 



FORMAT! 



EIS Address Register Special Arithmetic Instruction 
(See Figure 2-12). 



SUMMARY I 



If A = 0, then 

- (ADDRESS ♦ C(REG) / 36) -> C ( PRn. rfORDNO) 

- (C(REG) modulo 36) / 9 -> C(PRn.CHAR) 

- C (REG) modulo 9 -> - C(PRn.BITNO) 
If A = 1, then 

C(PRn.WORDNO) - ADDRESS ♦ (9 * ClPRi.CHAR) - 36 ♦ C(REG) 
«• C(PRn.BITNO) ) / 36 -> C (PRn. WORDNO) 

((9 ♦ C(PRn.CHAR) - 36 » C (REG) ♦ 

C(PRn.BITNO)) modulo 36) / 9 -> C(PRn.CHAR) 

(9 » C(PRn.CHAR) - 36 * C(REG) ♦ 

CtPRn.BITNO) ) modulo 9 -> C(PRn.BITNO) 



MODIFICATIONS* 

INDICATORS: 

NOTES: 



None except AU, QU, AL* QL» or Xn 



None affected 



The steps described in SUMMARY define special bit 
subtraction arithmetic for ADDRESS, C(3EG), C (PRn. WORDNO) , 
C(PRn.CHAR), and C( PRn. BITNO) . 

The use of an Address Register is imerent? the value of 
bit 29 affects Address Preparation bjt not instruction 
decod ing. 



Attempted repetition with 
Illegal Procedure Fault. 



RPT, RPD, or RPL causes an 
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EIS - ADDRESS REGISTER SPECIAL ARITHMETIC 



SMD Subtract Word Displacement fro* Address Register 527 CI) 

FORMATS EIS Address Register Special Arithmetic Instruction 

(See Figure 2-12K 

SUMMARY! If A =0, then 

- (AOORESS ♦ C(REG)> -> C ( PRn. WOR0N3 ) 
If A * it then 

CCPRn.WORDNO) - (ADDRESS ♦ C(REG)) -> C ( PRn. WORDNO ) 
00 -> C(PRn.CHAR) 
0000 -> C(PRn.BITNO) 

MODIFICATIONS* None except AU, QU, AL* QL* or Xn 

INDICATORS! None Affected 

NOTES! The use of an Address Register is inherent; the value of 

bit 29 affects Address PreDaration but not instruction 
decoding* 

» Attempted repetition with RPTf RPO t or RPL causes an 

Illegal Procedure Fault. 
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LIS - ALPHANUMERIC COMPARE 



~£IS - fltphanma9ric-£anittac£a 



CMPC 



Compare Alphanumeric Character Strings 



106 (1) 



FORMAT! 



0 

..Q . 


0 0 11 

n n 




1 
7 


1 2 2 2 2 2 
9 0 1 2 3 ft 


2 2 2 
7 9 1 




3 

„_5 




i i 

FILL 10 o: 

1 t 


HF2 




106 (1) 


; i 
ill 
1 i 


MF1 






9 2 
Y-charrjl 




71 


I 1 1 
CN1 JTA1I0J 

i i i 


10 L 

Nl 




71 


I 


Y-charn2 






! 1 
CN2 1 0 0 0 1 

i i , 


N2 







18 



2 1 



12 



Figure 2-13 Compare Alphanumeric Strings (CMPC) EIS Multi-Hard Instruction Format 



FILL 
MF1 
HF2 
I 

Y-charnl 

CN1 

TA1 

Nl 

Y-charo.2 

CN2 

N2 



Fill character for string extension 
Modification Field for Operand Descriptor 1 
Modification Field for Operand Oescriptor 2 
Program Interrupt inhibit bit 
Address of "left-hand*" string 

First character position of "left-hand" string 
Data type of "left-hand" string 
Length of "left-hand" string 
Address of "right-hand" string 

First character position of "right-hand" string 
Length of "right-hand" string 



ALM Coding Format: 

cmpc (MF1 J , (MF2) I , f i 1 1 (octal expression) ] 

descn« Y-charn.lI (CNl H ,N1 n = *♦» &♦ or 9 (TA1 = 2, 1* or 0) 



descrja Y-char u 2l (CN2 ) 1 ,N2 n = &• or 9 (TA2 is ignored) 

SUMMARY! For i = 1, 2» ...» minimum (N1,N2> 

C(Y-charnl) i-1 t: C( Y-charn?) i -1 
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EIS - ALPHANUMERIC COMPARE 



If Nl < N2, then for i = Ml*l, Nl*2, .... N2 

C(FILL) tx CfY-charo2U-l 
If N2 < N2, then for i = N2*l, N2*2, .... Ml 

C< Y-charn.il i-i t« CCFILL) 

MODIFICATIONS! None except AU, QU, AL, QL, or Xn for NF1 and MF2 



INOICATORSJ 
Zero 
Carry 



(Indicators not listed are not affected) 



If CCY-charn.il i - C C Y-charn.2) i for all it then ON* 
otherwise* OFF 

If CC Y-charn.1) i < C(Y-charn2)i for any i* then OFF; 
otherwise ON 



NOTES* 



Both strings are treated as the data type given for the 
"left-hand" string* TA1. The data type given for the 
"right-hand" string, TA2, is ignored. 

Comparision is made on full 9-bit fields. If the given 
data type is not 9-bit CTA1 t 0), then characters from 
C(Y-charnl) and C(Y-charn2) are high-order zero filled. 
All 9 bits of CCFILL) are used. 

Instruction execution proceeds until an inequality is 
found or the larger string length count is exhausted. 

If MF&.RL = 1* then N& does not contain the operand 
length; instead* it contains a register code for a 
register holding the operand length. 



If MF&.ID * i, then the Jith word following the Instruction 
Word does not contain an Operand Descriptor; instead* it 
contains an Indirect Pointer to the Operand Descriptor. 

Attempted execution with XED causes an Illegal Procedure 
Faul t. 



Attempted repetition with RPT* RPD* or RPL causes an 
Illegal Procedure Fault. 
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EIS - ALPHANUMERIC COMPARE 



SCO 



Scan Characters Double 



120 CI) 



FORMATS 



Q 

0 


1 1 

0 1 




1 1 2 2 2 2 2 
7 8 Q 1 2 3 <t 




2 2 2 3 

I_ft 9 0 


3 3 
1 2 


3 

5 


10 0 


1 

00000000 01 

« 


MF2 


I 120 (1) 




1 1 
III 
i I 


MF1 


1 
l 
1 




11 

Y-charn.1 




71 111 
I CN1 1TA110I 
1 1 1 1 




10 l 

Nl 




71 
1 
1 




Y-charn2 




1 J 2 1 
1 CN2 1 0 0 0 0 
1 1 


0 


0 0 0 0 0 


0 0 


121 
0 0 0 1 

1 




Y3 




1 3 

10 0 0 0 0 0 0 

1 


0 


1 1 
0 0 0 1A20 
I I 


1 

0 1 

1 


151 
REG 1 
I 








18 




11 1 


2 


«» 



Figure 2-1 k Scan Characters Double (SCO) EIS Multi-Word Instruction Format 



MF1 
MF2 
*I 

Y-charQl 

CN1 

TA1 

Nl 

Y-charo.2 

CN2 

Y3 

A 

REG 



Modification Field for Operand Descriptor 1 
Modification Field tor Operand Descriptor 2 
Program Interrupt inhibit bit 
Address of string 

First character position of string 

Data type of string 

Length of string 

Address of test character pair 

First character position of test character pair 
Address of compare count word 
Indirect via Pointer Register flag for Y3 
Register modifier for Y3 



ALM Coding Formats 



SCd (MFl),{MF2) 

descna Y-charn.lt (CNi ) ] ,N1 q = 6, or 9 (TA1 = 2, 1, or 0) 

descua Y-charn.2 1 (CN2 ) ) Q = 6« or 9 (TA2 is ignored) 

arg Y3[,tag) 
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SUMMARY! 



For i = 1, 2, ...» Nl-1 

ClY-charni) i-l,i »t C ( Y-chara2> 0,1 
On instruction completion 

00. ..0 -> C(Y3)0,11 

i -> C(Y3J12,35 



MODIFICATIONS! 



None except AU, QU, AL. QL» or Xn for HF1 and REG 
None except OU, AU, QU. AL, QL, or Xn for MF2 



INDICATORS: 



(Indicators not listed are not affected) 



Tally If the string length count is exhausted without a natch, 

Runout or if Nl = 1, then ON » otherwise OFF 



NOTESi 



Both the string and the test character pair are treated as 
the data type given for the string, TA1 • The data type 
given for the test character pair, TA2, is ignored* 

Instruction execution proceeds until a character pair 
match is found or the string length cojnt is exhausted. 

If MFfc.RL = 1, then Nfc. does not contain the operand 
length; instead, it contains a register code for a 
register holding the operand length. 

If MFJ&*ID = 1, then the fcth word following the Instruction 
Word does not contain an Operand Descriptor; instead, it 
contains an Indirect Pointer to the Operand Descriptor. 

If MF2.ID = 0 and MF2.REG * OU, then the second word 
following the Instruction Word does not contain an Operand 
Descriptor for the test character pair; instead, it 
contains the test character pair as a Direct Upper operand 
in bits 0,17. 

Attempted execution with XED causes an Illegal Procedure 
Fault. 



Attempted repetition with RPT, 
Illegal Procedure Fault. 



RPD, 



or RPL causes an 



SCOR 



Scan Characters Double in Reverse 



121 (1) 



FORMAT* 



Same as Scan Characters Double (SCD) (See Figure 2-H») 



SUMMARY 1 



For i = 1, 2, •••« Nl-i 

C(Y-charnI)Nl-i-l,Nl-i :t C< Y-chara2 ) 0,1 
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On instruction completion 
00.. .0 -> CIY3)0,li 
i -> C«Y3>12,35 



MODIFICATIONS: 



None except AU, QU, AL, QL« or Xn for MF1 and REG 
None except DU, AU, QU, AL, QL» or Xn for MF2 



INDICATORS! 



(Indicators not listed are not affected) 



Tal ly 

Runout 



If the string length count is exhausted without a match, 
or if Nl = 1, then ON? otherwise OFF 



NOTES* Both the string and the test character pair are treated as 

the data type given for the string, TA1. The data type 
given for the test character pair, TA2, is ignored. 

Instruction execution proceeds until a character pair 
match is found or the string length cojnt is exhausted. 

If MF&.RL = 1, then N& does not contain the operand 
length; instead, it contains a register code for a 
register holding the operand length. 

If MFfc.IO = l, then the fcth word following the Instruction 
Word does not contain an Operand Descriptor; instead, it 
contains an Indirect Pointer to the Operand Descriptor. 

If MF2.ID = 0 and MF2.REG = DU, then the second word 
following the Instruction Word does not contain an Operand 

Descriptor for the test character pair? instead, it 

contains the test character pair as a Direct Upper operand 
in bi ts 0,17. 

Attempted execution with XEO causes an Illegal Procedure 
Faul t. 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 
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sen 



Scan with Mask 



121* (1) 



FORMATS 



0 


0 0 11 




1 


1 2 2 2 2 2 




2 2 2 3 


3 3 


3 


-.0 


9 9 0 1 




7 


8 0 12 3 ft. 




7 9 9 0 


1 2 


5 




1 ! 










i i 




1 




MASK 10 01 


MF2 




12<» (1) 




in 


MFl 


1 




1 1. 










1,1 . 




-1 




9 2 




71 


1 1 1 




10 1 




71 




Y-charQl 






CNl 1TA1101 
1 » 1 




Nl 




I 

,1 










1 2 1 








121 




Y-charQ2 






CN2 10 0 0 0 
J 


0 


0 0 0 0 0 


0 0 


0 0 0 1 

1 










t 3 




1 1 


1 


151 




Y3 






0 0 0 0 0 0 0 


0 


0 0 0 1 A 1 0 
. 11 


01 

J 


REG 1 
1 








10 






11 1 


2 





Figure 2-15 Scan with Mask CSCM) EIS Multi-Word Instruction Format 



MASK 
MFl 
•MF2 
I 

Y-charQl 
CNl 
TA1 
Nl 

Y-charQ2 

CN2 

Y3 

A 

REG 



Comparison bit mask 

Modification Field for Operand Descriptor 1 
Modification Field for Operand Descriptor 2 
Program Interrupt inhibit bit 
Address of string 

First character position of string 

Data type of string 

Length of string 

Address of test character 

First character position of test character 
Address of compare count word 
Indirect via Pointer Register flag for Y3 
Register modifier for Y3 



ALM Coding Formats 

scm (MFl) « (MF2) t»mask (octal expression) ] 

descua Y-charQl I (CNl ) ) ,N1 q « k 9 6. or 9 (TA1 s 2* 1, or 0) 

descoa Y-charQ2l (CN2 ) ) q * k, 6, or 9 CTA2 is ignored) 

arg Y3C«tagl 
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SUMMARY I Fop characters 1 - 1, 2, Nl 

For bi ts J = 0. 1, ••• • 8 

C(Z>! = ~C(MASK>1 8. 

<(C(Y-char Q l) i-l> J t < C< Y-char q2 >1) ] ) 

If C(Z)Q*8 = 00. ..0, then 

00.. .0 -> C(Y3)0,il 

i -> CtY3)12,35 
otherwise, continue scan of CCY-charQl) 

MODIFICATIONS: None except AU, QU, AL, QL, or Xn for MF1 and REG 
None except OU, AU, QU, AL, QL* or Xn for MF2 



(Indicators not listed are not affected! 



If the string length count exhausts, then ON? 
otherwise* OFF 



Both the string and the test character are treated as the 
data type given for the string, TA1. The data type given 
for the test character, TA2* is ignored. 

Instruction execution proceeds until a masked character 
match is found or the string length cojnt is exhausted. 

MasKing and comparision is done on full 9-bit fields. If 
the given data type is not 9-bit (TA1 * 0), then 
characters from CCY-charQl) and C(Y-charn,2) are high-order 
zero filled. All 9 bits of C(MASK) are used. 

If MF1.RL = 1, then Nl does not contain the operand 
length; instead* it contains a register code for a 
register holding the operand length. 

If MF&.ID = 1* then the k_th word folloaing the Instruction 
Word does not contain an Operand Desc-Iptor; instead, it 
contains an Indirect Pointer to the Operand Descriptor. 

If MF2.ID = 0 and MF2.REG = DU, then the second word 
following the Instruction Word does not contain an Operand 
Descriptor for the test character; instead, it contains 
the test character as a Oirect Upper oDerand in bits 0,8. 

Attempted execution with XED causes an Illegal Procedure 



INDICATORS* 

Tal ly 

Runout 

NOTES! 



Faul t. 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 



REVIEW DRAFT 
SUBJECT TO CHANGE 
October, 1975 



2-192 



AL39 



EIS - ALPHANUMERIC COMPARE 



SCMR Scan with Mask in Reverse 125 (1) 



FORMAT I Same as Scan with Mask CSCM) (See Flgu-e 2-15). 



SUMMARY t For characters i = 1, 2, ...» Nl 

For bits J = 0, 1, ...» 8 

C CZl J = -CCHASKH & 

UCtY-charQl) Nl-i) J 0 (C (Y-cha-n.2) 1) ) ) 

If C(Z)0*8 = 00... 0, then 

00... 0 -> C(Y3)0,11 

i -> C(Y3>12,35 
otherwise* continue scan of CCY-charn.1) 



MODIFICATIONS! None except AU, QU, AL# QL, or Xn for 1F1 and REG 
None except DU* AU, QU* AL* QLt or Xn for MF2 



(Indicators not listed are not affected) 



If the string length count exhausts* then ON* 
otherwise* OFF 



Both the string and the test character are treated as the 
data type given for the string, TA1. The data type given 
for the test character* TA2* is ignored. 

Instruction execution proceeds until a masked character 
match is found or the string length cojnt is exhausted. 

Masking and comparision is done on full 9-bit fields. If 
the given data type is not 9-bit (TA1 * 0), then 
characters from C(Y-charQl) and C{Y-charo.2) are high-order 
zero filled. All 9 bits of C(HASK) are used. 

If MF1.RL = 1* then Nl does not contain the operand 
length* instead* it contains a register code for a 
register holding the operand length. 

If MF&.ID = 1* then the fcth HO rd following the Instruction 
Word does not contain an Operand Desc-iptor; instead* it 
contains an Indirect Pointer to the Operand Descriptor. 



INDICATORS' 

Tal ly 
Runout 

NOTES* 



If MF2.IO = 0 and MF2.REG * DU, the-> the second word 
following the Instruction Word does not contain an Operand 
Descriptor for the test character; instead* it contains 
the test character as a Direct Upper ooerand in bits 0*8. 

Attempted execution with XED causes an Illegal Procedure 
Faul t. 

Attempted repetition with RPT, RPD* or RPL causes an 
Illegal Procedure Fault. 
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TCT 



Test Character and Translate 



lhk (1) 



FORMATI 



1 1 

-Z-IL 



2 2 2 2 2 
0 1 2 



000000000000000000 



Y-char u l 



16«» CI) 



t I i 

CNl 1TA1I0I 
I I L 



2 2 2 3 3 3 

■7_.a 9 a 1. 2- 

s I 
in 



MFl 



10 I 



Nl 



Y-char92 



3 2 1 J I I 15 
000000 DOOOQJAIOO: REG 
L_J L 



Y3 



! I ! 

OOOOQOOOOOOSAiOO: REG 
L_i_i__ 



18 



11 1 



Figure 2-16 Test Character and Translate (TCT) EIS Multi-Word Instruction Format 



MFl 
I 

,Y-charQl 
CNl 
TA1 
Nl 

Y-char92 

Y3 

A 

REG 



Modification Field for Operand Descriptor 1 
Program Interrupt inhibit bit 
Address of string 

First character position of string 
Data type of string 
Length of string 

Address of character translation table 
Address of result word 

Indirect via Pointer Register flag for Y2 and Y3 
Register modifier for Y2 and Y3 



ALM Coding Formatl 

tct (MFl) 

descna Y-charalt (CNl ) 1 »N1 

arg Y-char92l » tag! 

arg Y3l,tag] 



n = <♦» 6t or 9 (TA1 * 2, 1» or 0) 



SUMMARY! 



For i = 1, 2, •••• Nl 
ra = C(Y-charQl) i-1 
If C(Y-char92)m-l * 00,. .0, then 
C(Y-char92)m-l -> CCY3)0»8 
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000 -> C(Y3)9.11 

1 -> C(Y3)12,35 

otherwise* continue scan of C(y-cha-Ql) 

MODIFICATIONS! None except Au, QU* AL t QL« or Xn for MF1 and REG 



INDICATORS! 



(Indicators not listed are not affected) 



Tally If the string 

Runout otherwise* OFF 



length count exhausts* then ONJ 



NOTES! 



If the data type of the string to be scanned is not 9-bit 
(TA1 * 0)* then characters fro* C ( Y-charQl ) i are 
high-order zero filled in forming the table index* m. 

Instruction execution proceeds until a non-zero table 
entry is found or the string length cojnt is exhausted* 

If MF1.RL = i* then Nl does not contain the operand 
length; instead* it contains a register code for a 
register holding the operand length* 

If MF1.ID = 1* then the first word following the 
Instruction Word does not contain an Dperand Descriptor* 
instead* it contains an Indirect Pointer to the Operand 
Descriptor. 

Attempted execution with XEO causes an Illegal Procedure 
Fault. 

Attempted repetition with RPT. RPD* or RPL causes an 
Illegal Procedure Fault. 



TCTR 



Test Character and Translate in Reverse 



165 (1) 



FORMAT! 



Same as Test Character and Translate (TCT) 
(See Figure 2-16). 



SUMMARY! 



For i = 1, 2, .... Nl 
m = C(Y-charnl)Nl-i 
If C(V-char92)m-l t 00. ..0* then 



C(Y-char92>m-l -> C(Y3)0,8 

000 -> C(Y3)9,11 

1 -> C(Y3)12,35 

otherwise* continue scan of C(y-cha-Ql) 
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MODIFICATIONS! None except AU, QU, AL* QL, or Xn for 1F1 and REG 



INDICATORS: 



(Indicators not listed are not affected) 



Tally 
Runout 



If the string 
otherwise* OFF 



length count exhausts, 



then 



on; 



NOTESI 



If the data type of the string to be scanned is not 9-bit 
{ T A 1 / 0) « then characters iron C(Y-charQl)i are 
high-order zero filled in forming the table index, m. 

Instruction execution proceeds until a non-zero table 
entry is found or the string length cojnt is exhausted. 

If MF1.RL = 1» then Nl does not contain the operand 
length; instead, it contains a register code for a 
register holding the operand length. 

If MF1.I0 = 1, then the first word following the 
Instruction Word does not contain an Operand Descriptor? 
instead, it contains an Indirect Pointer to the Operand 
Descriptor. 



Attempted execution with XEO causes an 
Faul t. 



1 1 I egal Procedure 



Attempted repetition with RPT, 
Illegal Procedure Fault. 



RPD, or RPL causes an 
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MLR 



lan u me r ic .tt QK&a 

Move Alphanumeric Left to Right 



100 CI) 



FORMATt 



0 


0 0 11 




1 1 2 2 2 2 2 


2 2 2 




3 


0 


a q o i 




.79 Q 1 2 3 *t 


7 9 9 




.5 




i i I 




I 


1 1 








FILL IT 1 0 : 


MF2 


1 100 (1) 


II! 


MF1 






. _., 1.1 1 . 




1 . 


1 1 








9 11' 




71 111 


10 1 




71 




Y-charQl 




i CN1 1TA110I 

i I I 1 ... 


Nil 












I 11! 










Y-charn2 




1 CN2 ITA2I01 

2 ill 


N2 







18 



2 1 



12 



Figure 2-17 Move Alphanumeric Left to Right (MLR) EIS Multi-Word 

Instruction Format 



FILL 
T 

MFi 
HF2 

Y-charQl 
CN1 
TA1 
Nl 

Y-charn.2 

CN2 

TA2 

N2 



Fill character for string extension 
Truncation Fault enable bit 
Modification Field for Operand Descriptor 1 
Modification Field for Operand Descriptor 2 
Address of sending string 

First character position of sending st-lng 
Data type of sending string 
Length of sending string 
Address of receiving string 

First character position of receiving string 
Data type of receiving string 
Length of receiving string 



ALM Coding Format: 



ml r 

descQa 
descna 



SUMMARY t 



(MF1 ) , (MF2) C * f i I I (octal expression) It ,eiabl ef aul t ] 
Y-charn.lt (CN1) J,N1 Q - *»« 6» or 9 CTA1 = 2, 1, or 0) 

Y-cnarn2t(CN2) 1,N2 n = 6, or 9 ( TA2 = 2. 1, or 0) 



For i ~ It 2» •••• minimum (N1«N2) 
C (Y-charo.1) i-1 -> C( Y-charQ2) i-1 
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If Nl < N2, then for i = NH-1. Nl*2, N2 
C(FILL) -> C (Y-charn.2) i-1 



MODIFICATIONS! None eKcept AU, QU, AL, QL, or Xn for MF1 and MF2 



INDICATORS* (Indicators not listed are not affected) 



Truncation If Nl > N2 then ON; otherwise OFF 



NOTES* If data types are dissimilar (TA1 * TA 2 ) » each character 

is high-order truncated or zero filledt as aDpropriatd as 
it is mowed. No character conversion takes place* 

If Nl > N2» then (N1-N2) trailing characters of 
C(Y-charnl) are not moved and the Truncation indicator is 
set ON. 

If Nl < N2 and TA2 = 2 U-bit data) or 1 16-bit data), 
then FILL characters are high-order truncated as they are 
moved to C(Y-charQ2). No characte- conversion takes 
p 1 ace. 

If Nl < N2, C(FILL)D = 1, TA1 = 1, and TA2 = 2, then 
C ( Y-charjQl) Nl is examined for a GBCD overpunch sign. If a 
negative overpunch sign is found. then the minus sign 
character is placed in C ( Y-ch arn.2 ) N2; otherwise. a olus 
sign character is placed in C ( Y-charo2) N2. 

If MFj£. RL = 1» then Njs does not contain the operand 
length; instead* it contains a register code for a 
register holding the operand length. 

If MFk..ID = 1, then the fcth word following the Instruction 
Word does not contain an Operand Descriptor; instead* it 
contains an Indirect Pointer to the Operand Descriptor. 

C(Y-charnl) and C(Y-charrj2) may be overlapping strings? no 
check is made. This feature is useful for replication of 
substrings within a larger string, but care must be 
exercised in the construction of the Dperand Descriptors 
so that sending string (C ( Y-cha-Ql) ) data is not 
inadvertently destroyed. 

The user of string replication or overlaying is warned 
that the Decimal Unit addresses the main store in 
unaligned (not on 0 modulo 8 boundary) units of Y-block8 
words and that the overlayed string ( C ( Y-ch arn.2 ) ) is not 
returned to main store until the unit of Y-block8 words is 



filled or the instruction completes. 

If T = 1 and the Truncation indicator is set ON by 
execution of the instruction, then a Truncation (Overflow) 
Fau I t occurs. 

Attempted execution with XED causes an Illegal Procedure 
Fault. 
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Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 



MRL 



Move Alphanumeric Right to Left 



101 (1) 



FORMAT* 



Same as Move Alphanumeric Left to Right (MLR) 
(See Figure 2-171. 



SUMMARY: 



For i « 1* 2, • ••» minimum (N1*N2) 

C (Y-charQl)Nl-i -> C ( Y-char u 2) N2-i 

If Nl < N2, then for i - Nl*l, N2*l, ...» N2 
C(FILL) -> C(Y-charn,2)N2-i 



MOOIFICATIONSt None except AU, QU» AL* QL» or Xn for iFl and MF2 



indicators: 



(Indicators not listed are not affected) 



Truncation If Nl > N2 then ON? otherwise OFF 



NOTESl 



If data types are dissimilar (TA1 * TA2)» each character 
is high-order truncated or zero filled* as appropriate* as 
it is moved. No character conversion takes place. 

If Nl > N2, then CN1-N2) leading characters of C(Y-charQl) 
are not moved and the Truncation indicator is set ON. 

If Nl < N2 and TA2 = 2 Ct-bit data) or 1 (6-bit data), 
then FILL characters are high-order trjncated as they are 
moved to CI Y-chara2 ) • No character conversion takes 
p 1 ace. 

If MF&.RL = 1, then N& does not contain the operand 
length; instead* it contains a register code for a 
register holding the operand length. 

If MFfc.lD =1, then the &th word following the Instruction 
Word does not contain an Operand Descriptor; instead* it 
contains an Indirect Pointer to the Operand Descriptor. 

C(Y-charnl) and C(Y-charn.2) may be overlapping strings? no 
check is made. This feature is useful for replication of 
substrings within a larger string* but care must be 



exercised in the construction of the Operand Descriptors 
so that sending string (C ( Y-charQl) ) data is not 
inadvertently destroyed. 

The user of string replication or overlaying is warned 
that the Decimal Unit addresses tne main store in 
unaligned (not on 0 modulo 8 boundary) units of Y-block8 
words and that the overlayed string (C( Y-charn.2) ) is not 
returned to main store until the unit of Y-block3 words is 
filled or the instruction completes. 
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If T = 1 and the Truncation indicator is set ON by 
execution of the instruction, then a Truncation (Overflow) 
Fau I t occurs. 

Attempted execution with XEO causes an Illegal Procedure 
Fault. 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 



MVE Move Alphanumeric Edited 020 (1) 



FORMAT* 



0 

0 


0 0 

1 2 


0 0 1 
9 <? 0 


1 
1 




1 1 
. 7 8 


2 
0 


2 2 2 2 
1,2 3 «t 


2 2 2 
7 8 9, 




3 
5 


1 0 


1 

05 
1 


! 1 
MF3 10 Ot 
J I 




MF2 


1 

: 
1 




020 (1) 


1 1 
111 
1 I 


MF1 






2 


7 2 
Y-charn.1 






71 
1 
1 


CNl 


i I 1 
STA1J01 
i 2 t 


10 1 

Nl 




71 






Y-char92 






1 
1 
i 


CN2 


1 1 
1 0 0 0 1 
! 1 


N2 










Y-charQ3 






! 
1 
2 


CN 3 


J 1 ! 

ITA310! 
1 I 1 


N3 
















181 


3 


2 1 


1 1 


4 
* 


121 



Figure 2-18 Move Alphanumeric Edited (MVE) EIS Multi-Word Instruction Format 



MF1 Modification Field for Operand Descriptor 1 

MF2 Modification Field for Operand Descriptor 2 

MF3 Modification Field for Operand Descriptor 3 

I Program Interrupt inhibit bit 

Y-charQl Address of sending string 

CNl First character position of sending st-ing 

TA1 Data type of sending string 

Nl Length of sending string 

Y-char92 Address of MOP control string 

CN2 First character position of MOP control string 

N2 Length of MOP control string 

Y-charQ3 Address of receiving string 
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CN3 
T A3 
N3 



First character position of receiving string 
Oata type of receiving string 
Length of receiving string 



ALM Coding Formatl 



mve 

descna 
desc9a 
descna 



SUMMARY * 



<MF1) , (MF2) ,(MF3> 
Y-charalt(CNl) ),Nl 
Y-char92[{CN2U,N2 
Y-charn3I(CN3)l,N3 



D ^, 6, or 9 (TA1 = 2, 1, or 0) 
D - it, S, or 9 CTA3 = 2, 1, or 0) 



C(Y-charnl) -> CCY-charn.3) under C(Y_cnar92> MOP control 

See "Micro Operations for Edit Instructions" later in this 
section for details of editing under M3P control. 



MODIFICATIONS J None except AU, QU, AL, OX* or Xn for 1F1, MF2, and MF3 



INDICATORS* 



None affected 



NOTES! 



If data types are dissimilar (TA1 f- T A3 ) * each character 
of C(Y-charQl) is high-order truncated or zero filled* as 
appropriate, as it is moved. No character conversion 
takes place. 

If the data type of the receiving string is not 9-bit CTA3 
* 0)* then Insertion Characters are high-orcer truncated 
as they are inserted. 

The maximum string length is 63. The count fields Nl, N2» 
and N3 are treated as modulo 6*t numbers. 

The instruction completes normally only if N3 = minimum 
(N1,N2,N3), that is, if the receiving string is the first 
to exhaust; otherwise, an Illegal Procedure Fault occurs. 

If MFJi.RL = 1, then N& does not contain the operand 
length; instead, it contains a register code for a 
register holding the operand length. 

If MFb.IO = 1, then the fcth word fol lowing the Instruction 
Word does not contain an Operand Descriptor; instead, it 
contains an Indirect Pointer to the Operand Descriptor. 

C(Y-charul) and C(Y-charn3> may be overlapping strings; no 
check is made. This feature is useful for replication of 



substrings within a larger string, but care must be 
exercised in the construction of the Dperand Descriptors 
so that sending string (C ( Y-charQi) ) data is not 
inadvertently destroyed. 

The user of string replication or overlaying is warned 
that the Decimal Unit addresses the main store in 
unaligned (not on 0 modulo 8 boundary) units of Y-blocK8 
words and that the overlayed string f C ( Y-ch £rn3) ) is not 
returned to main store until the unit of Y-blocrtS words is 
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FORMATS 



0 
0 


0 0 11 
9 9 0 1 




1 

7 


1 2 2 2 2 2 
8 Q 1 2 3..<t . 


2 2 2 3 

7 9 9 g 


3 3 3 
12 5 


J 


I 1 2 

FILL 2 T I 0 : 
1 1 I 


MF2 




160 (1) 


2 2 
212 
1 1 


MFl 1 


j 


9 11 
Y-charnl 




71 


2 1 2 
CN1 2TA120I 
J 1 1 


10 1 

Nl 


72 


t 


Y-charn.2 






2 2 2 
CN2 2TA2I02 

I i s 


N2 


2 




Y-char93 




182 


3 2 1 
00000000 


2 i 
0 0 Q1AI0 
t I . 


2 12 2 
0 J REG 2 
2 i 


* 






18 




11 1 


2 k 



Figure 2-19 Move A 2 phanumeric with Translation (MVT) EIS Multi-Word 

Instruction Format 



FILL Fill character for string extension 

T Truncation Fault enable bit 

MFl Modification Field for Operand Descriptor 1 

MF2 Modification Field for Operand Descriptor 2 

Y-charQl Address of sending string 

CN1 First character position of sending st-ing 

TA1 Data type of sending string 

Nl Length of sending string 

Y-charo.2 Address of receiving string 

CN2 First character position of receiving string 

TA2 Data type of receiving string 

N2 Length of receiving string 

Y-char93 Address of character translation table 
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A Indirect via Pointer Register flag for r-char93 

REG Register modifier for Y-char93 



ALM Coding Format! 

my t (MFD « (MF2) t * f i I I ( oct a I expression) ] t ,etabl e f aul t ) 

descna Y-charal[ ( CNl ) J ,Ni q = h 9 6, or 9 (TA1 = 2, 1, or 0) 

descoa Y-charn.2t (CN2 ) ] , N2 q = 6, or 9 ITA2 = 2, 1, or 0) 

arg Y-char93£, tagl 



SUMMARY! 



For i = it 2» •••• minimum (N1,N2) 

m = C (Y-charn.1) i-1 

C(Y-char93)m-l -> C ( Y-ch aro2) i -1 
If Nl < N2, then for i = Nl+1, Ni*2* ...» N2 

ra - C(FILL) 

C(Y-char93)ra-l -> C( Y-charn2> i-1 



MODIFICATIONS* None except AU„ QU, AL» QL» and Xn for MF1 * MF2, and REG 



INDICATORS! 



(Indicators not listed are not affected) 



Truncation If Nl > N2 then ON; otherwise OFF 



NOTES! If the data type of the receiving field is not 9-oi t ( TA2 

t 0), then characters from C(Y-ch3r93) are high-order 
truncated, as appropriate, as they areemoved. 

If the data type of the sending field is not 9-bit (TA1 * 
0) v then characters from C(Y-charni) are high-order zero 
filled when forming the table Index. 

If Nl > N2, then (N1-N2) leading characters of C (Y-charn.1) 
are not moved and the Truncation indicator is set ON. 

If MFJs.RL = 1* then Nfc. does not contain the operand 
length; instead, it contains a register code for a 
register holding the operand length. 

If MFfc.ID a 1, then the fcth „ 0 rd following the Instruction 
Word does not contain an Operand Descriptor, instead, it 
contains an Indirect Pointer to the Operand Descriptor. 



C(Y-charrjl) and C(Y-charn2) may be overlapping strings? no 
check is made. This feature is useful for replication of 
substrings within a larger string, but care must be 
exercised in the construction of the Operand Descriptors 
so that sending string (C ( Y-charQl) ) data is not 
inadvertently destroyed. 

The user of string replication or overlaying is warned 
that the Decimal Unit addresses tie main store in 
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unaligned Cnot on 0 modulo 8 boundary) units of Y-block8 
words and that the overlayed string ( C( Y-c harn.2) ) is not 
returned to main store until the unit of Y-block8 words is 
filled or the instruction completes. 

If T = 1 and the Truncation indicator is set ON by 
execution of the instruction, then a Truncation (Overflow) 
Fault occurs. 

Attempted execution with XED causes an Illegal Procedure 
Faul t. 

Attempted repetition with RPT» RPD, or RPL causes an 
Illegal Procedure Fault. 
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EIS - NUMERIC COMPARE 



CMPN 



Compare Numeric 



303 (!) 



FORMAT* 



0 1 

0 0 


1 
1 




1 

.7. 


1 2 2 2 2 2 
.8 0 1 2 5 ^ 


2 2 2 3 
7 a «. 0 




3 

.5 


1 1 

10 000000000 01 

i 1 




MF2 




303 (1) 


1 1 
III 




MF1 




I 11 

1 Y-charQl 






7 


: i i 

CNl la: S12 
i 1 1 


10 L 

SFl 




Nl 


71 


1 Y-charo.2 








I I i 
CN2 lb: S2I 
1 I I 


SF2 




N2 





18 



3 1 



Figure 2-20 Compare Numeric (CMPN) EIS Multi-Word Instruction Format 



MF1 
,MF2 
I 

Y-charQl 

CNl 

TNI 

SI 

SFl 

Nl 

Y-chara2 
CN2 
TN2 
S2 



Modification Field for Operand Descriptor 1 
Modification Field for Operand Descriptor 2 
Program Interrupt inhibit bit 
Address of "left-hand" number 

First character position of "left-hand" number 

Data type of "left-hand" number 

Sign and decimal type of "left-hand" number 

Scaling factor of "left-hand" number 

Length of "left-hand" number 

Address of "right-hand" number 

First character position of "right-hand" number 

Data type of "right-hand" number 

Sign and decimal type of "right-hand" number 



SF2 Scaling factor of "right-hand" number 

N2 Length of "right-hand" string 
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ALM Coding Format: 
cmpn 

descclf t» ls,ns,tsl 
descQt f I • I s f ns, ts 1 



(MF1),(MF2> 

Y-charn.lI CCN1)] ,N1,SF1 q = t* or 9 

Y-cnarn2[ CCN2) ],N2, SF2 q = «♦ or 9 



SUMMARY J 



C(Y-charnl) ** ClY-charn.2) as numeric values 



MODIFICATIONS! None excot AU, QU, AL . Ql, or Xn for Mr 1 and MF2 



INDICATORS! 



(Indicators not listed are not affected) 



Zero If C(Y-charnl) - C(Y-charD2>t then ON; otherwise OFF 

Negative If C(Y-charQl) > C(Y-charn2>» then ON; otherwise OFF 
Carry If IC(Y-charQl) ! > i C ( Y-charn.2) ! * then OFF, otherwise ON 



NOTESI 



Comparison is made on **-bit numeric values contained in 
each character of C( Y-charnJs.) • If either given data type 
is 9-bit (TNJs = 0) • characters from C ( Y-char9Js) are 
high-order truncated to k bits before comparison. 

Sign characters are located according to information in 
CN&, SJx, and N|s and interpreted as **-bit fields; 9-bit 
sign characters are high-order truncated before 
interpretation. The sign character 15 (octal) is 
interpreted as a minus sign* all other legal sign 
characters are interpreted as plus signs* 

The position of the decimal point in C(Y-charQk) is 
determined from information in CNIi, Sfc., SFJi, and 

Comparision begins at the decimal position corrsponding to 
the first digit of the operand with the larger number of 
integer digits and ends with the last digit of the operand 
with the larger number of fraction digits. 

Four-bit numeric zeros are used to represent digits to the 
left of the first given digit of the operand with the 
smaller number of integer digits. 

Foui — bit numeric zeros are used to represent digits to the 
right of the last given digit of the operand with the 
smaller number of fraction digits. 



Instruction execution proceeds until an inequality 
found or the larger string length count is exhausted. 



is 



If MFfc.RL = l, then Nfc does not contain the operand 
length; instead, it contains a register code for a 
register holding the operand length. 

If MFJs.ID = l, then the fcth word following the Instruction 
Word does not contain an Operand Descriptor; instead, it 
contains an Indirect Pointer to the Operand Descriptor. 
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Detection of a character outside the range [0*11) (octal) 
in a digit position or a character outside the range 
112*17] (octal) in a sign position causes an Illegal 
Procedure Fault, 

Attempted execution with XEO causes an Illegal Procedure 
Fault. 

Attempted repetition with RPT» RPO, or RPL causes an 
Illegal Procedure Fault. 
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tcic Hovga 



MVN 



Move Numeric 



300 (1) 



FORMATS 



0 0 
0 1 




0 0 11 
9 3-8.1... 




1 1 2 2 2 2 2 


2 2 2 3 

. . 7 A.I. .St. 




3 
5 


I i 

1P10 0 0 0 
1 1 


0 


! I i 

0 0 01TIRI 

11 I . . 


MF2 


I 

1 300 (1) 

j 


1 1 
III 
1 I 


MF1 




11 




1 1 
Y-charQl 




7: : i i 

1 CNl ial Sll 

] (It 


10 1 J 
SFl 1 
1 


Nl 


71 






Y-chara2 




t lit 

I CN2 Jbl S2J 

t i i > 


1 

SF2 } 
I 


N2 












la 312 


6 




6 


Figure 


2- 


21 Move Numeric (MVN) EIS Multi-Word 


Instruc t ion 


Format 





hey 



p 

T 
R 

MF1 
MF2 
I 

Y-charQl 

CNl 

TNI 

SI 

SFl 

Nl 

Y-charn2 



*»-bit data sigr> character control 
Truncation Fault enable bit 
Rounding flag 

Modification Field for Operand Descriptor 1 
Modification Field for Operand Descriptor 2 
Program Interrupt inhibit bit 
Address of sending number 

First character position of sending nuaber 

Data type of sending number 

Sign and decimal type of sending numbe* 

Scaling factor of sending number 

Length of sending number 

Address of receiving number 



CN2 First character position of receiving number 

b TN2 Data type of receiving number 

S2 Sign and decimal type of receiving numaer 

SF2 Scaling factor of receiving number 

N2 Length of receiving string 
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ALM Coding Format! 
mvn 

descnt f I • ls*ns*ts] 
descot f 1 • lsins,ts] 



(MFD » (MF2) I .enable faul t ] t ,round 1 
Y-charnll CCN1) 1 ,N1,SF1 n = «♦ or 9 

Y-charn.2t (CN2)] ,N2,SF2 q = i» or 9 



SUMMARY 



C(Y-charn.l) converted and/or rescaled -> C(Y-charQ2) 



MODIFICATIONS* None except AU, QU f AL* QL» or Xn for HF1 and HF2 



INDICATORS* 



(Indicators not listed are not affected) 



Zero If C(Y-charn.2) = decimal 0* then ON; otherwise OFF 

Negative If a minus sign character is moved to C(Y-charn,2)* then 
ON? otherwise OFF 

Truncation If low-order digit truncation occurs without rounding* 
then ON; otherwise OFF 

Overflow If fixed point integer overflow occurs ( then ON; otherwise 
unchanged. (See NOTES) 

Exponent If exponent of floating point result exceeds +127* then 

Overflow ON; otherwise unchanged. 

Exponent If exponent of floating point result is less than -128* 

Underflow then 0N» otherwise unchanged* 



NOTES* 



If data types are dissimilar (TNI * TN2)» each character 
is high-order truncated or filled* as appropriate* as it 
is moved. The til I data used is "00011 M b for digit 
characters and M Q0010"b for sign characters. 



If TN2 and S2 specify a <»-bit signed njmber and S2 specify 
a <*-bit signed number and P = 1* then a legal plus sign 
character in C(Y-cnarnl) is converted to 13 (octal) as it 
is moved. 



If N2 is not large enough to hold 
C(Y-charj3l) as rescaled by SF2* an 
exists; the Overt Ion. indicator is set 
Fault occurs. This implies that an uns 
receiving field has a minimum length 
signed fixed point field* 2 characters 
point field* 3 characters. 



the integer part of 
overflow condition 

ON and an Overflow 
igned fixed point 

of 1 character? a 
; and a floating 



If N2 is not large enough to hold all the given digits of 



C(Y-charnt) as rescaled by SF2 and R = 0* then a 
truncation condition exists* data novement stops when 
C( Y-charn.2) is filled and the Truncation indicator is set 
ON. If R = 1, then the last di3it moved is rounded 
according to the absolute value of the remaining digits of 
C(Y-charnl) and the instruction completes normally. 

If MFfe.RL = 1* then N& does not contain the operand 
length* instead* it contains a register code for a 
register holding the operand length. 
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If MF&.ID = 1, then the fcth word following the Instruction 
Word does not contain an Operand Descriptor; instead* it 
contains an Indirect Pointer to the Operand Descriptor. 

C(Y-charQl) and CCY-charn.2) may be overlapping strings? ho 
check is made. This feature is useful for replication of 
substrings within a larger string* but care must be 
exercised in the construction of the Operand Descriptors 
so that sending string (C ( Y-charal) I data is not 
inadvertently destroyed. Difficulties may be encountered 
because of scaling factors and the special treatment of 
sign characters and floating point exponents. 

The user of string replication or overlaying is warned 
that the Decimal Unit aodresses tie main store in 
unaligned (not on 0 modulo 8 boundary) units of Y-block8 
words and that the overlayed string (C( Y-charn.2) ) is not 
returned to main store until the unit of Y-block8 words is 
filled or the instruction completes. 

If t * 1 and the Truncation indicator is set ON by 
execution of the instruction* then a Truncation (Overflow) 
Paul t occurs. 

Detection of a character outside the range 10,11] (octal) 
in a digit position or a character outside the range 
£12*17] (octal) in a sign position causes an Illegal 
Procedure Fault. 

Attempted execution with XED causes an Illegal Procedure 
Fault. 

Attempted repetition with RPT* RPD* or RPL causes an 
Illegal Procedure Fault. 
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MVNE Move Numeric Edited 02<» (1) 

FORMAT! 



0 

0 


0 0 

1 z 


0 0 11 

n i) i 




1 
7 


1 2 2 2 2 2 
8 0 1 2.3_{t_ 




2 2 2 
. 2 .8 9 , 




3 

. -5 


I 0 


I 

ot 
i 


MF3 JO 01 

i i . 


MF2 




02<» (1) 




1 1 
ill 
1 i 


MF1 






2 


7 2 
Y-charnl 




71 


I i I 

cni : a i siio 

II J 


0 


10 1 1 
0 0 0 01 
i 


Nl 


71 






Y-char92 






11 2 
CN2 10 0 0 0 
i 


0 


61 

0 0 0 01 

1 


N2 








Y-char u 3 






1 1 1 
CNI 1 TA310 1 0 
1 1 I i 


0 


91 

0 0 0 01 

I 


N3 












ia 


3 2 1 




6 




6 



Figure 2-22 Move Numeric Edited (MVNE) EIS Multi-Word Instruction Format 



MF1 Modification Field for Operand Descriptor 1 

MF2 Modification Field for Operand Descriptor 2 

*MF3 Modification Field for Operand Descriptor 3 

I Program Interrupt inhibit bit 

Y-charQl Address of sending string 

CNI First character position of sending string 

TNI Data type of sending string 

Si Sign and decimal type of sending string 

Nl Length of sending string 

Y-char92 Address of MOP control string 

CN2 First character position of MOP control string 

N2 Length of MOP control string 

Y-charo.3 Address of receiving string 

CN3 First character position of receiving string 



TA3 Data type of receiving string 

N3 Length of receiving string 
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ALM Coding Format: 

mvne (MF1) , <MF2) • (HF3) 

cJescQl f 1 , ls,ns,ts 1 Y-charn.ll (CN1 > 1 ,N1 q M or 9 

desc9a Y-char92I (CN2) ] , N2 

descna Y-charn.3t CCN3J ) ,N3 q = 6, or 9 

SUMMARY* C(Y-charnl) -> C(Y-charn.3) under C(Y_cnar92) MOP control 

See "Micro Operations for Edit Instructions'* later in this 
section for details of editing under MOP control, 

MODIFICATIONS* None .except AU, QU, AL, QL» or Xn for 1F1, MF2, and MF3 

INDICATORS* None affected 

NOTESt If data types are dissimilar { TA1 * TA3), each character 

of ClY-charQl) is high-order truncated or zero filled* as 
appropriate, as it is mowed. No character conversion 
takes place. 

If the data type of the receiving string is not 9-bit (TA3 
* 0), then Insertion Characters are high-order truncated 
as they are inserted. 

The maximum string length is 63. The :ount fields Nl« N2, 
and N3 are treated as modulo 6^ numbers. 

ft 

The instruction completes normally onl/ if N3 - minimum 
(N1,N2,N3), that is, if the receiving string is the first 
to exhaust; otherwise, an Illegal Procedure Fault occurs. 

If MFft.RL = 1, then Njs does not contain the operand 
length? instead, it contains a register code for a 
register holding the operand length. 

If MF&.IO = 1, then the Jsth word following the Instruction 
Word does not contain an Operand Desc-iptor; instead, it 
contains an Indirect Pointer to the Operand Descriptor. 

Cf.Y-charn.1) and C(Y-charn3) may be overlapping strings? no 
check is made. This feature is useful for replication of 
substrings within a larger string, but care must be 
exercised in the construction of the Dperand Descriptors 
so that sending string (C ( Y-charn.il ) data is not 
inadvertently destroyed. 

The user of string replication or overlaying is warned 
that the Decimal Unit addresses the main store in 



unaligned (not on 0 modulo 8 boundary) units of Y-block8 
words and that the overlayed string (C ( Y-charn.3) ) is not 
returned to main store until the unit of Y-block8 words is 
filled or the instruction completes. 

Attempted execution with XED causes an Illegal Procedure 
Fault. 

Attempted repetition with RPT, RPD, or R?L causes an 
Illegal Procedure Fault. 
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~EIS - Bit'Strinq ComtLiDAa 

CSL Combine Bit Strings Left 060 (1) 

FORMAT* 



0 0 
0 1. 


0 0 

«t 5. 


0 0 1 

8 9 0 


1 

i__ 




1 
7 


112 
9 9 0 




2 2 


2 2 2 
7 9 .9 .., 


3 


i i 

IFl 0 
1 i 


i 

0 0 01 

I 


I I 1 

BOLR lTIOi 

i j i 




HF2 






060 


(1) 


1 ! 
in 
1 1 


MF1 1 


tl 


k 


<♦ i i 

Y-bitl 






7 


1 

Cl > 

I 


Bl 




10 1 

Nl 


71 






Y-bit2 








1 

C2 1 
i 1 


B2 




N2 





ia 2 k 12 



Figure 2-23 Combine Bit Strings Left (CSL) EIS Multi-Word Instruction Format ' 



F 


Fill bit for string extension 


BOLR 


Boolean result control field 


»T 


Truncation Fault enable bit 


MF1 


Modification Field for Operand Descriptor 1 


MF2 


Modification Field for Operand Descriptor 2 


I 


Program Interrupt inhibit bit 


Y-bitl 


Address of "sending" string 


Cl 


First character position of "sending*" string 


Bl 


First bit position of "sending" string 


Nl 


Length of "sending" string 


Y-bit2 


Address of "receiving" string 


C2 


First character position of "receiving" string 


B2 


First bit position of "receiving" string 


N2 


Length of "receiving" string 



ALM Coding Format: 

cs I (MF 1) , CMF2) l.enab I e f au 1 1 1 1 » boo I ( octa I express ion) H, fill (OHM 

desco Y-Ditlt (0ITN01) ],N1 

descb Y-bit2I (BITN02) 1, N2 
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SUMMARY I 



Fop I - bits 1« 2, • ••• minimum (N1,N2I 

m = C(Y-bitl)i-l II CCY-bit2)i-i 

C(80LR)m -> CCY-bit2)i-l 
If Nl < N2, then fop i = N1U» Nl*2, N2 

m - C(F) I S CCY-bi t2) i-1 

C (BOLR) m -> C(Y-bit2)i-l 



MOOIFICATIONSI 



None except AU» QU t AL» QL , or Xn for 1F1 and MF 2 



INDICATORS* 



(Indicators not listed are not affected) 



Zero If C(Y-bit2) = 00.. .0, then ON? otherwise OFF 

Truncation If Nl > N2, then ON J otherwise OFF 



NOTES* 



If Nl > N2, the low order (N1-N2) bits of C(Y-bitl) 
not processed and the Truncation indicator is set ON. 



are 



The bit pattern in C(BOLR) defines the Boolean operation 
to be performed. Any of the sixteen possible Boolean 
operations ma/ be used. Some common Boolean operations 
and their BOLR fields are shown below. 



Operation 

MOVE 

AND 

OR 

NANO 

Exclusive OR 

Clear 

Invert 



CtSPLRl 
0011 
0001 
0111 
1110 
0110 
0000 
1100 



If MFk..RL = 1, then NJs does not cantain the operand 
length; instead* it contains a register code for a 
register holding the operand length. 



If MFh-lO = It then the &th H ord following the Instruction 
Word does not contain an Operand Descriptor; instead f it 
contains an Indirect Pointer to the Oparand Descriptor. 

C<Y-bitl) and C(Y-bit2) may be overlapping strings; no 
check is made. This feature is useful for replication of 
substrings within a larger string, but care must be 
exercised in the construction of the Operand Descriptors 
so that sending string (C(Y-bitD) data is not 
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inadvertently destroyed* 

The user of String replication or overlaying is warned 
that the Decimal Unit addresses the main store in 
unaligned (not on 0 modulo 8 boundary) units of Y-block8 
words and that the overlayed string (C(Y-bit2)) is not 
returned to main store until the unit of Y-block8 words is 
filled or the instruction completes. 

If T = 1 and the Truncation indicator is set ON by 
execution of the instruction then a T-uncation (Overflow) 
Faul t occurs. 

Attempted execution with XEO causes an Illegal Procedure 
Faul t. 

Attempted repetition with RPT. RPD, or RPL causes an 
Illegal Procedure Fault. 



CSR Combine Bit Strings Right 061 (1) 



FORMAT 8 Same as Combine Strings Left (CSL) (See Figure 2-23). 



SUMMARY! For i = bits 1, 2* ...» minimum (N1,N2) 

ra - C(Y-bi tl)Nl-i II C(Y-bit2)N2-i 
CCBOLR)m -> C(Y-bi t2) N2-i 
If Nl < N2, then for i = Nl*l» Nl*2, N2 
m = C(F) 11 C(Y-bi t2)N2-i 
C(BOLR)m -> C(Y-bi t2)N2-i 



MODIFICATIONS! None except AU,QU» AL, QL * or Xn for M-l and MF2 



INDICATORS! (Indicators not listed are not affected) 



Zero If C(Y-bit2) = 00*. .0, then ON? otherwise OFF 

Truncation If Nl > N2# then ON; otherwise OFF 



NOTES! If Nl > N2, the high order (N1-N2) bits of C(Y-bitl) are 

not processed and the Truncation indicator is set ON. 



The bit pattern in C(BOLR) defines tie Boolean operation 
to be performed. Any of the sixteen possible Boolean 
operations may be used. See NOTES under Combine Strings 
Left (CSL) instruction for examples of BOLR. 



If MFJs.RL = It then N& does not contain the operand 
length, instead* it contains a register code for a 
register holding the operand length. 
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If MFfc.ID = 1, then the lith word following the Instruction 
Word does not contain an Operand Descriptor? instead t it 
contains an Indirect Pointer to the Operand Descriptor. 

C(Y-bitl) and C(Y-bit2) may be overlapping strings? no 
check is made. This feature is useful for replication of 
substrings within a larger string, but care must be 
exercised in the construction of the Dperand Descriptors 
so that sending string (C(Y-bitl)) data is not 
inadvertently destroyed. 

The user of string replication or overlaying is warned 
that the Decimal Unit addresses the main store in 
unaligned (not on 0 modulo 8 boundary) units of Y-block8 
words and that the overlayed string (C(Y-bit2)) is not 
returned to main store until the jnit at Y-blocK8 words is 
filled or the instruction completes. 

If T = 1 and the Truncation indicator is set ON by 
execution of the instruction, then a Truncation (Overflow) 
Fau I t occurs. 

Attempted execution with XED causes an Illegal Procedure 
Fau I t. 

Attempted repetition with RPT t RPD» or RPL causes an 
Illegal Procedure Fault. 
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~ EIS - BirStrjnQ Comoare a 

CMPB Compare Bit Strings 066 (1) 

FORMATS 

00 0011 1112 2 2 222 3 

. q i a_a_a_i z_s 9, q z_i_3 §_ 

11 ii! i : i i 

IF10 0 0 0 0 0 0 0JTJ0J MF2 t 066 (1) II! MF1 I 

i_J L_i_l 1 L.J L 

II 8 11 71 1 J 10 I 71 

I Y-bitl : Cll Bl I Nl I 

I Y-bit2 1 C2J B2 J N2 I 

J L I L L 

18 2 k 12 

Figure 2-2*i Compare Bit Strings (CMPB) EIS Multi-Word Instruction Format 

F Fill bit for string extension 

T Truncation Fault enable bit 

»MF1 Modification Field for Operand Descriptor 1 

HF2 Modification Field for Operand Descriptor 2 

I Program Interrupt inhibit bit 

Y-bitl Address of "left hand" string 

CI First character position of "left hand" string 

Bl First bit position of "left hand" string 

Nl Length of "left hand" string 

Y-bit2 Address of "right hand" string 

C2 First character position of "right hand" string 

82 First bit position of "right hand" string 

N2 Length of "right hand" string 

« 

ALM Coding Format! 

cmpb (MFD t (MF2) t.enabl ef aui t It, f i II (011) ] 

descb Y-bitl[ (BITN01)] ,N1 
descb Y-bit2I (BITN02) J ,N2 

SUMMARY I For i = 1, 2, minimum (N1,N2) 
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CfY-biti)i-l tl CCY-bit2)i-l 
If Nl < N2, then for i = Nl+i, Nl*2, N2 

C(FILL) :s CCY-bit2)i-i 
If N2 < N2, then for i = N2+1, N2*2, Nl 

C<Y-bitl)i-i ts C(FILL) 



MODIFICATIONS* None except AU, QU, AL, QL, or Xn for IF! and MF2 



INDICATORS* (Indicators not listed are not affected) 



Zero If C(Y-bitl)i = CCY-bit2)i for all i, then ON; 

otherwise* OFF 

Carry If C(Y-bitl)i < C(Y-bit2)i for any i, then OFF; 

otherwise ON 



NOTES* Instruction execution proceeds until an inequality is 

found or tne larger string length count is exhausted. 

If MFJi.RL = I* then NJs does not contain the operand 
length* instead* it contains a register code for a 
register holding the operand length. 

If MFfcL.ID = 1* then the Jjth word following the Instruction 
Word does not contain an Operand Descriptor; instead* it 
contains an Indirect Pointer to the Operand Descriptor. 

Attempted execution with XED causes an Illegal Procedure 
Fault. 

Attempted repetition with RPT* RPD* or RPL causes an 
Illegal Procedure Fault. 
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~FIS - 8ifS.tr ing Sal-lndicatorsa 

SZTL Set Zero and Truncation Indicators 

with Bit Strings Left 



06<t (1) 



FORMAT! 



Sane as Combine Strings Left tCSL) (Sea Figure 2-23) 



SUMMARY* 



For i = bits 1, 2, • •«, minimum (N1,N2) 
m = C(Y-bitl)i-i li C(Y-bit2)i-l 
If C(BOLR)m # 0, then terminate 

If Nl < N2, then for i = NH-1, Nl*2, .... N2 
m = C(F) I t C(Y-bi t2) i-1 
If C(B0LR)m * 0 t then terminate 



MODIFICATIONS* None except AU, QU, AL, Q.L, or Xn for *F1 and MF2 



INDICATORS* 



(Indicators not listed are not affected) 



Zero If C(B0LR)m = 0 for all i, then ON; otherwise OFF 

Truncation If Nl > N2, then ON * otherwise OFF 



NOTES! 



If Nl > N2, the lot* order (N1-N2) bits of CCY-bitl) 
not processed and the Truncation indicator is set ON. 



are 



The execution of this instruction is identical to Combine 
Strings Left (CSL) except that C(B0LR)a is not placed into 
C(Y-bit2)i-l. 

The bit pattern in C(BOLR) defines the Boolean operation 
to be performed. Any of the sixteen possible Boolean 
operations may be used. See NOTES under Combine Strings 
Left (CSL) instruction for examples of BOLR. 

If MFfc.RL = 1, then Nji does not contain the operand 
length; instead* it contains a register code for a 
register holding the operand length. 

If MFfc.IO = 1, then the Jsth word following the Instruction 
Word does not contain an Operand Descriptor; instead, it 
contains an Indirect Pointer to the Operand Descriptor. 

If T = 1 and the Truncation indicator is set ON by 



execution of the instruction, then a Truncation (Overflow) 
Fault occurs. 

Attempted execution with XED causes an Illegal Procedure 
Faul t. 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 
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SZTR Set Zero and Truncation Indicators 065 CI) 

with 3it Strings Right 



FORMAT J Same as Combine Strings Left (CSL) (See Figure 2-23). 



SUMMARY! For i = bits 1, 2, ...» minimum (N1.N2) 

m = C(Y-bi tl)Nl-i II C(Y-bit2) N2-i 
If C(B0LR)m * 0* then terminate 
If Ml- < N2, then for i = Nl+1, Nl*2, N2 
m = C(F) 11 C(Y-bi t2)N2-i 
If C(B0LR)m * 0 f then terminate 



MODIFICATIONS! None except AU, QU, AL, QL, or Xn for MF1 and MF2 



INDICATORS* (Indicators not listed are not affected) 



Zero If C(BOLR)m = 0 for all i, then ON* otherwise OFF 

Truncation If Nl > N2, then ON; otherwise OFF 



NOTES* If Ni > N2, the low order (N1-N2) bits of C(Y-bitl) are 

not processed and the Truncation indicator is set ON* 

The execution of this instruction is identical to Combine 

Strings Right (CSR) except that £(80LR)m is not placed 
into C(Y-bit2)N2-i. 

The bit pattern in C(BOLR) defines tie Boolean operation 

to be performed. Any of the sixteen possible Boolean 

operations may be used. See NOTES under Combine Strings 
Left (CSL) instruction for examples of BOLR. 

If MFfe.RL ~ It then N£ does not contain the operand 
length? instead, it contains a register code for a 
register holding the operand length. 

If MFk« ID = 1» then the isth word following the Instruction 
Word does not contain an Operand Descriptor; instead* it 
contains an Indirect Pointer to the Operand Descriptor. 

If T = 1 and the Truncation indicator is set ON by 
execution of the instruction, then a Truncation (Overflow) 



Faul t occurs. 

Attempted execution with XED causes an Illegal Procedure 
Faul t. 

Attempted repetition with RPT, RPD* or RPL causes an 
Illegal Procedure Fault. 
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i Conversio ns 
BTO Binary to Decimal Convert 

FORMAT! 



201 (1) 



0 0 
0 1 


l l 
. Q..1 




1 
7 


1 2 2 2 2 2 
ft 0 1 2. 3 H 


2 2 2 3 
7 ft 9 0 




3 

.._5. 


: i 

IPSO 0 0 0 

1 1 


i 

0 0 0 0 0 0! 

I 


MF2 




301 (1) 


! 1 

in 
1 1 


MF1 




ii 


10 

Y-char91 




7 


: 

cni : o oo o 
* 

i i 


8 10 1 1 
0 0 0 0 01 

1 


Nl 


71 




Y-charn.2 






t : i i 

CN2 laJ S2I0 
2 t > 


91 

0 0 0 0 01 

1 


N2 





18 



3 1 



Figure 2-25 Binary to Decimal Convert < BTD) EIS Multi-Word Instruction Format 



P 
,MF1 
HF2 
I 

Y-char91 

CNI 

Ni 

Y-charn.2 

CN2 

TN2 

S2 

N2 



*»-bit data sign character control 
Modification Field for Operand Descriptor 1 
Modification Field for Operand Descriptor 2 
Program Interrupt inhibit bit 
Address of binary number 

First character position of binary number 
Length of binary number in characters 
Address of decimal number 

First character position of decimal number 
Data type of decimal number 
Sign and decimal type of decimal numbe- 
Length of decimal number 



ALM Coding Formati 



btd 

desc9ns 

descoC 1st nst ts] 



(MFD * <MF2> 
Y-char91t (CNI ) ) ,N1 
Y-charn2t CCN2> J,N2 



SUMMARY* 



D. = 4 or 9 

C(Y-char91) converted to decimal -> C < f-charn.21 
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MODIFICATIONS » 



None except AU, QU, AL* QL* or Xn for HFl ad MF2 



INDICATORS: 



(Indicators not listed are not affected) 



Zero If C(Y-charjQ2) = decimal 0, then ONI otherwise OFF 

Negative If a minus sign character is moved to C(Y-charn.2), then 
ON; otherwise OFF 

Overflow If fixed point integer overflow occurs* then ON» otherwise 
unchanged (See NOTES) 



NOTES* 



C(Y-char9i) contains a two's complement binary integer 
aligned on 9-bit character boundaries with length 0 < Nl 
<= 8. 

If TN2 and S2 specify a *»-bit signed njmber and P = 1* 
then if C(Y-char91) is positive (bit 0 of C(Y-char91)0 = 
0), then the 13 (octal) plus sign character is moved to 
C(Y-charo2) as appropriate. 

The scaling factor of C(Y-charn2)* SF2* must be 0. 

If N2 is not large enough to hald the digits of 
C(Y-char91) an overflow condition exists* the Overflow 
indicator is set ON and an Overflow Fault occurs* This 
implies that an unsigned fixed point receiving field has a 
minimum length of 1 character and a signed fixed point 
field* 2 characters* 

If MFJj. RL = 1* then NJs does not contain the operand 
length? instead* it contains a register code for a 
register holding the operand length. 

If MFhi-IO = 1* then the Jith word following the Instruction 
Word does not contain an Operand Descriptor; instead* it 
contains an Indirect Pointer to the Oparand Descriptor. 

C(Y-char91) and C(Y-charn2) may be overlapping strings; no 
check is made- 
Attempted conversion to a floating point number (S2 = 0) 
or attempted use of a scaling factor (SF2 * 0) causes an 
Illegal Procedure Fault. 

If Nl = 0 or Nl > 8 an Illegal Procedure Fault occurs. 

Attempted execution with XED causes an Illegal Procedure 
Faul t. 



Attempted repetition with 
Illegal Procedure Fault. 



RPT, RPD, or RPl causes an 
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OTB 



FORMAT! 



Decimal to Binary Convert 



EIS - 0 ATA CONVERSION 



305 ti) 



0 


1 


1 




1 


1 2 2 2 2 2 




2 2 2 


3 




3 


0 


o 


1 




7 


a D 1 2 3 «f 




7 9 9 


0 




5 




I 












1 1 






1 


10 0 


00000000 01 

1 




HF2 




305 (1) 




111 




MFl 


1 

...i 




11 






71 


1 1 I 




10 1 1 






71 




Y-charn.1 








CN1 1 a 1 S110 
) 5 1 


0 


0 0 0 01 

J 




Nl 


1 

.. 1 












1 1 2 




6! 






1 




Y-char92 






• 
• 

I 


CN2 10 0 0 0 
1 


0 


0 0 0 01 
. I. 




N2 


1 
I 










8 


3 




9 






6 



Figure 2-26 Decimal to Binary Convert (OTB) EIS Multi-Word Instruction Format 

hey 



MFl 
MF2 
I 

*Y-charal 
CN1 
a TNI 
SI 
Nl 

Y-chara2 

CN2 

N2 



Modification Field for Operand Descriptor 1 
Modification Field for Operand Descriptor 2 
Program Interrupt inhibit bit 
Address of decimal number 

First character position of decimal nunber 

Data type of decimal number 

Sign and decimal type of decimal numbe- 

Length of decimal number 

Address of binary number 

First character position of binary numoer 
Length of binary number in characters 



ALM Coding Formats 
dtb 

descnl I s,ns,tsl 
desc9ns 



(MF1I,IMF2) 
Y-cnarn.ll (CN1) ),N1 
Y-char92t (CN2)],N2 



q a *f or 9 



SUMMARY I CCY-charn.1) converted to binary -> C(Y-char92) 

MODIFICATIONS! None except AU» QU, AL* QL * or Xn for iFl ad MF2 
INDICATORS: (Indicators not listed are not affected) 
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Zero If C(Y-char92) = 0, then ON: otherwise OFF 

Negative If a minus sign character is found in C( Y-charn.1) » then 
ON? otherwise OFF 

Overflow If fixed point integer overflow occurs, then ON? otherwise 
unchanged (See NOTES) 



NOTESt C(Y-char92> will contain a two's complement binary integer 

aligned on 9-bit character boundaries with length 0 < N2 
<- 8. 



The scaling factor of C(Y-charQi), SF1, must be 0. 

If N2 is not large enouyh to hold the converted value of 
C(Y-charol) an overflow condition exists; the Overflow 
indicator is set ON and an Overflow Fajlt occurs. 

If MFJi.aL = li then N& does not contain the operand 
length; instead, it contains a register code for a 
register holding the operand length. 

If MFfc.IO = 1* then the fcth word following the Instruction 
Word does not contain an Operand Descriptor? instead, it 
contains an Indirect Pointer to the Operand Descriptor. 



C(Y-charnl) and C(Y-char92> may be overlapping strings; no 
check is made. 



Attempted conversion of a floating point number (SI - 0) 
or attempted use of a scaling factor (SF1 * 0) causes an 
Illegal Procedure Fault. 



If N2 = 0 or N2 > 8 an Illegal Procedure Fault occurs. 

Attempted execution with XEO causes an Illegal Procedure 
Faul t. 

Attempted repetition with RPT, RPO, or RPL causes an 
Illegal Procedure Fault. 
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EIS .- Decimal Addiflaaa 



AD2D 



Add Using 2 Decimal Operands 



202 (1) 



FORMAT! 



0 0 


0 0 11 




1 


1 2 2 2 2 2 


2 2 2 


3 




3 


0 1 


n u, 




7 


0 0 1 2 3 h 


7 8 1 


0 




— 5_ 


1 1 


i i t 








I 1 








IPSO 0 0 0 


0 0 0 0 I T ] R] 


MF2 




202 (1) 


III 




MF1 




1 1 


1 1 1 








1 t 








11 


1 1 
Y-charQl 




7 


i 1 i 

CNl la! Sll 

i I i 


10 1 1 
SFl 1 




Nl 


71 










i i 1 












Y-charn.2 






CN2 5bJ S2t 
1 1 I 


SF2 




N2 










18 


3 1 2 


6 






6 



Figure 2-27 Add Using 2 Oecimal Operands CAD2D) EIS Multi-Word 

Instruction Format 



hey 



P 

»T 
R 

MF1 
MF2 
I 

Y-charQl 



CNl 
a TNI 
SI 
SFl 



*t-bit data sign character control 
Truncation Fault enable bit 
Rounding flag 

Modification Field for Operand Descriptor 1 
Modification Field for Operand Descriptor 2 
Program Interrupt inhibit bit 

Address of augend { AD2D) t minuend (SB2D)* multiplicand 
(MP2D)t or divisor (DV2D) 

First character position of augend <AD?D), minuend (SB2D)« 
roultipicand ( MP2D) • or divisor f DV2D) 

Data type of augend ( AD2D) « minuend (3B2D) ♦ multiplicand 
(MP2D) f or divisor (DV2D) 

Sign and decimal type of augend (AD2D)* minuend (SB2D)* 
multiplicand (MP2D) , or divisor (DV2D) 

Scaling factor of augend (AD20)« minuend (SB2D)» 



Nl 

Y-charn2 



multiplicand (MP2D), or divisor (DV20) 

Length of augend (A02D), minuend (SB2D)« multiplicand 
CMP2D), or divisor <DV2D) 

Address of addend and sum (AD2D) t subtrahend and 
difference (SB2D), multiplier and oroduct ( MP2D) * or 
dividend and quotient (DV2D) 
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CN2 



b TN2 



S2 



SF2 



N2 



First character position of addend and sum (AD2D), 
subtrahend and difference (SS2D), multiplier and product 
(MP2D), or dividend and quotient (DV2D) 

Data type of addend and sum (AD23), subtrahend and 
difference (SB20), multiplier and oroduct (MP2D), or 
dividend and quotient (0V20) 

Sign and decimal type of addend and sun (AD2D)* subtrahend 
and difference (S320) , multiplier and oroduct (MP2D), or 
dividend and quotient (DV2D) 

Scaling factor of addend and sum ( AD? D ) * subtrahend and 
difference (3B20), multiplier and product (MP2D), or 
dividend and quotient (0V20) 

Length of addend and sum f AD2D) * subtrahend and difference 
(SB2D) t multiplier and product (MP2D>» or dividend and 
quotient (DV2Q) 



ALH Coding Formats 
ad2d 

descnl f U ls,ns, ts J 
descQt f I , ls,ns, ts ) 



(MFD , (MF2) I, enable faul t ] I, round] 
• Y-charall (CN1) ],N1,SF1 n = k or 9 

Y-charn2I (CN2) ],N2,SF2 Q = «» or 9 



SUMMARY I 



CtY-charnl) ♦ C(Y-charn2) -> C(Y-chara2) 



MODIFICATIONS! None except AU, QU, AL* QL» or Xn for MF1 and NF2 



INDICATORS! 



(Indicators not listed are not affected) 



Zero 
Negat ive 
Truncation 

Over f I ow 



Exponent 
Overf I ow 

Exponent 



If C(Y-charn.2) = decimal 0, then ON; otherwise OFF 

If C(Y-charn2) is negative* then ON; otherwise OFF 

If the truncation condition exists without rounding, then 
ON; otherwise OFF (See NOTES) 

If the overflow condition exists* then ON; otherwise 
unchanged (See NOTES) 

If exponent of floating point resjlt exceeds 127 then 
ON, otherwise unchanged. 

If exponent of floating point result is less than -128 



Underflow then ON; otherwise unchanged 



NOTESI 



If TN2 and S2 Specify a '♦-bit signed njmber and P = 1* 
then the 13 (octal) plus sign ciaracter is placed 
appropriately if the result of the operation is positive. 

If N2 is not large enough to hold the integer part of the 
result as scaled by SF2» an overflow condition exists; 
the Overflow indicator is set ON and an Overflow Fault 
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occurs. This implies that an unsigned fixed point 
receiving field has a minimjm lengtn of 1 character* a 
signed fixed ooint field* 2 characters; and a floating 
point field, 3 characters. 

If N2 is not large enough to hold all the digits of the 
result as scaled by SF2 and R = 0 • then a truncation 
condition exists, data movement stops when C(Y-charQ2) is 
filled and the Truncation indicator is set ON. If R = 1* 
then the last digit moved is rounded according to the 
absolute value of the remaining digits of the result and 
the instruction completes normally. 

If MF&.RL = i v then Nh. does not contain the operand 
length; instead* it contains a register code for a 
register holding the operand length. 

If MFfc. 10 = 1, then the fcth word following the Instruction 
Word does not contain an Operand Descriptor; instead* it 
contains an Indirect Pointer to the Operand Descriptor. 

C(Y-charnl) and C(Y-charn2) may be overlapping strings* no 
check is made. 

If T = 1 and the Truncation indicator is set ON by 
execution of the instruction* then a Truncation (Overflow) 
Fault occurs. 

Detection of a character outside the range [0*11] (octal) 
in a digit position or a character outside the range 
[12*17] (octal) in a sign position causes an Illegal 
Procedure Fault. 

Attempted execution with XED causes an II legal Procedure 
Faul t. 

Attempted repetition with RPT* RPD* or RPL causes an 
Illegal Procedure Fault. 
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AO30 



Add Using 3 Decimal Operands 



222 (1) 



FORMATS 



0 0 0 
Q 1.2 


0 0 1 
8 <J 0 


1 

1. _ 




1 

7 


1 2 2 2 2 2 
8 0 1 2 3 h 


2 2 
7 8, 


2 3 
9 Q 




3 
5 


1 1 1 
IPI 01 
1 1 1 


1 1 1 

MF3 1TIR1 

: i i 




MF2 




222 (1) 


1 1 
ill 
i 1 




MF1 




:i l 


1 1 

Y-charn.1 






71 


1 1 I 

cm : a : sit 
i t i 


10 1 
SFl 




Nl 


7! 




Y-charn2 








i i i 

CN2 Sbl S2: 

: ; I 


SF2 




N2 




1 


Y-charn.3 








1 i i 

CN3 lei S3I 

2 i 1 


SF3 




N3 


I 










18 


3 1 2 




6 




6 



Figure 2-28 Add Using 3 Decimal Operands f AD3D) EIS Multi-Word 

Instruction Format 



hey 

p 

*T 
R 

MF1 
MF2 
MF3 
I 

Y-charo.1 
CN1 
a TNI 
SI 



'♦-bit data sign character control 
Truncation Fault enable bit 
Rounding flag 

Modification Field for Operand Descriptor 1 
Modification Field for Operand Descriptor 2 
Modification Field for Operand Descriptor 3 
Program Interrupt inhibit bit 

Address of augend C AD3D) * minuend (S83D), multiplicand 
(MP30), or divisor (DV3D) 

First character position of augend ( AD3D) • minuend (SB3DI* 
multiplicand CMP3D) ♦ or divisor (DV3D) 

Data type of augend (AD3D), minuend (SB3D)« multiplicand 
( MP3D ) t or divisor (DV30) 

Sign and decimal type of augend ( AD3D) * minuend (SB3D)» 
multiplicand (MP30), or divisor (DV3D) 



SFl Scaling factor of augend (AD3D), minuend (SB3D), 

multiplicand (MP3D)» or divisor ( DV3D) 

Nl Length of augend (AD30), minuend (3B3D)» multiplicand 

(MP3D), or divisor ( D V3D) 

Y-charn2 Address of addend (AD3D), Subtrahend (SB3D), multiplier 

(MP3D) t or dividend (DV3D) 



REVIEW DRAFT 
SUBJECT TO CHANGE 
October, 1975 



2-228 



AL39 



EI5 - DECIMAL ADDITION 



CN2 
b TN2 
S2 
SF2 
N2 

Y-charn3 
CN3 
a TN3 
S3 
SF3 
*N3 



First character position of addend (AD30), subtrahend 
(SB3D), multiplier (MP3D) * or dividend (0V301 

Data type of addend ( AD3D) , suotrahend (S330), multiplier 
(MP3D ) 9 or dividend ( DV 3D) 

Sign and decimal type of addend (A03D), subtrahend (SB3D)t 
multiplier CMP3D) • or dividend (DV3D) 

Scaling factor of addend (AD3D), subtrahend (SB3D)« 
multiplier (MP3D), or dividend (0V3D) 

Length of addend ( AD3D) * subtrahend ( SB 3D) , multiplier 
(MP30), or dividend (DV3D) 

Address of sum (AD3D) , difference ( SB3D) * product (MP3D), 
or quotient IDV/30) 

First character position of sum (AD3D), difference CSB3D) * 
product (MP3D ) * or quotient ( DV3D) 

Data type of sum ( AD3D) * difference (SB3D), product 
(MP3D), or quotient (DV3D) 

Sign and decimal type of sum (AD3D) « difference (SB30), 
product (HP3D ) * or quotient (DV3D) 

Scaling factor of sum (AD3D), difference (SB3D), product 
(HP3D), or quotient ( DV3D) 

Length of sum (AD3D), difference { SB3D) • product (HP3D) , 
or quotient (Dv°30) 



ALH Coding Format: 
ad 3d 

descnt fl«ls,ns,ts] 
descnl fl»ls,ns,ts] 
descnt f I « ls,ns,ts] 



(MF 11 ,(MF2) ,(MF3)[,enabJefaultH, round) 
Y-charQll tCNi) J,N1,SF1 q = k or 9 

Y-cnarn.21 (CN2U,N2,SF2 n = ^ or 9 

Y-charn3[ (CN3) ],N3, SF3 Q = «» or 9 



SUMMARY! 



C(Y-charni) «■ C(Y-charn2) -> C(Y-charn.3) 



MODIFICATIONS! None except AU, Q.U, AL» QL, or Xn for MF1 and MF2 



INDICATORS! 



(Indicators not listed are not affected) 



Zero 



If C(Y-charQ3) = decimal 0, then ON J otherwise OFF 



Negative If CIY-charo.3) is negative, then ON; otherwise OFF 

Truncation If the truncation condition exists without rounding, then 
ON; otherwise OFF (See NOTES) 

Overflow If the overflow condition exists, then ON; otherwise 
unchanged (See NOTES) 

Exponent If exponent of floating point resjlt exceeds 127 then 
Overflow ON; otherwise unchanged. 
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Exponent If exponent of floating point result is less than -128 
Underflow then ON » otherwise unchanged 



NOTES* If TN3 and S3 specify a «»-bit signed njmber and P = 1* 

then the 13 (octal) plus sign character is placed 
appropriately if the result of the operation is positive. 

If S3 specifies fixed point and N3 is not large enough to 
hold the integer part of the result as scaled by SF3* an 
overflow condition exists; the Overflow indicator is set 
ON and an Overflow Fault occurs. Tnis implies that an 
unsigned fixed point receiving field has a minimum length 
of 1 character; a signed fixed point field* 2 characters? 
and a' floating point field* 3 characters* 

If N3 is not large enough to hold all the digits of the 
result as scaled by SF3 and R = 0* then a truncation 
condition exists* data movement stops nhen C(Y-charn3) is 
filled and the Truncation indicator is set ON. If R = 1* 
then the last digit moved is rounded according to the 
absolute value of the remaining digits of the result and 
the instruction completes normally. 

If MFfc.RL - 1* then Nfc. does not contain the operand 
length? instead* it contains a register code for a 
register holding the operand length. 

If MFh.«IO = 1* then the fcth word following the Instruction 
Word does not contain an Operand Descriptor* instead* it 
contains an Indirect Pointer to the Operand Descriptor. 

C (Y-charn.1) * C(Y-charn.2) * and C(Y-charn3) may be 
overlapping strings* no check is made. 

If T = 1 and the Truncation indicator is set ON by 
execution of the instruction* then a Truncation (Overflow) 
Faul t occurs. 

Detection of a character outside the -ange (0*11] (octal) 
in a digit position or a character outside the range 
£12*171 (octal) in a sign position causes an Illegal 
Procedure Fault. 

Attempted execution with XED causes an Illegal Procedure 
Fault. 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 
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DECIMAL SU9TRACTI0N 



~E |S - Decimal Subtraction s 

SB20 Subtract Using 2 Decimal Operands* 203 111 

FORMATS Sane as Add Using 2 Decimal Operands (AD20) 

(See Figure 2-27). 

SUMMARY S C(Y-charnl) - C(Y-char&2) -> C(Y-charQ2) 

MODIFICATIONS: None except AU, QU, AL, QL , or Xn for MF1 and HF2 

INDICATORS* (Indicators not listed are not affected) 

Zero If C(Y-charn2) = decimal 0, then ON? otherwise OFF 

Negative If C(Y-charn2) is negative, then ON? otherwise OFF 

Truncation If the truncation condition exists without rounding* then 
ON; otherwise OFF (See NOTES) 

Overflow If the overflow condition exists* then ON; otherwise 
unchanged (See NOTES) 

Exponent If exponent of floating point result exceeds 127 then 
* Overflow ON* otherwise unchanged. 

Exponent If exponent of floating point result is less than -128 
Underflow then ON; otherwise unchanged 

NOTES* If TN2 and S2 specify a V-bit signed njmber and P = 1* 

then the 13 (octal) plus sign character is placed 
appropriately if the result of the operation is positive. 

If N2 is not large enough to hold the integer part of the 
result as scaled by SF2, an overflow condition exists; 
the Overflow indicator is set ON and an Overflow Fault 
occurs. This implies that an unsigned fixed point 
receiving field has a minimum length of 1 character* a 
signed fixed point field* 2 characters; and a floating 
point field* 3 characters. 

If N2 is not large enough to hold all the digits of the 
result as scaled by SF2 and R = 0* then a truncation 
condition exists* data movement stops when C(Y-charn.2) is 
filled and the Truncation indicator is set ON. If R = 1* 
then the last digit moved is rounded according to the 



absolute value of the remaining digits of the result and 
the instruction completes normally. 

If MF&.RL * 1, then NJs does not contain the operand 
length* instead, it contains a register code for a 
register holding the operand length. 

If MF&.ID = 1, then the fcth word following the Instruction 
Word does not contain an Operand Descriptor* instead* it 
contains an Indirect Pointer to the Oparand Descriptor. 
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C(Y-charnl) and C(Y-cnarn.2) nay be overlapping strings; no 
check is made. 

If T = 1 and the Truncation indicator is set ON by 
execution of the instruction, then a Truncation (Overflow) 
Fau I t occurs. 

Detection of a character outside the -ange 10, 11 J (octal) 
in a digit position or a character outside the range 
(12,17] (octal) in a sign position causes an Illegal 
Procedure Fault* 

Attempted execution with XEO causes an Illegal Procedure 
Fau I t. 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 



SB 30 



Subtract Using 3 Decimal Operands 



223 (1) 



FORMATS 



Same as Add Using 3 Decimal Operands UD3D) 
(See Figure 2-28). 



SUMMARY t 



C(Y-charnl) - C(Y-charn.2) -> C(Y-charn.3) 



'MODIFICATIONS! None except AU, QU* At, QL, or Xn for MF1 and HF2 



INDICATORS: 



(Indicators not listed are not affected) 



Zero 

Negative 
Truncation 

Overt I ow 



Exponent 
Over f I ow 

Exponent 
Underf I ow 



If C(Y-charn3) = decimal 0, then ON? otherwise OFF 

If Cf Y*charn.3) is negative, then ON; otherwise OFF 

If the truncation condition exists without rounding, then 
ON; otherwise OFF (See NOTES) 

If the overflow condition exists, then ON; otherwise 
unchanged (See NOTES) 

If exponent of floating point result exceeds 127 then 
ON; otherwise unchanged. 

If exponent of floating point result is less than -128 
then ON; otherwise unchanged 



NOTES. 



If TN3 and S3 specify a **-bit signed njmber and P = 1, 
then the 13 (octal) plus sign character is placed 
appropriately if the result of the operation is positive. 

If S3 specifies fixed point and N3 is not large enough to 
hold the integer part of the result as scaled by SF3, an 
overflow condition exists; the Overflow indicator is set 
ON and an Overflow Fault occurs. This implies that an 
unsigned fixed point receiving field has a minimum length 
of 1 character; a signed fixed point field, 2 characters; 
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and a floating point field* 3 characte-s. 

If HZ is not large enoujh to hold all the digits of the 
result as scaled by SF3 and R = 0« then a truncation 
condition exists; data movement stops ahen C(Y-charn.3) is 
filled and the Truncation indicator is set ON. If R = 1, 
then the last digit moved is rounded according to the 
absolute value of the remaining digits of the result and 
the instruction completes normally. 

If MFfc.RL = 1, then does not contain the operand 

length; instead* it contains a register code for a 
register holding the operand length* 

If MFh.ID = l t then the fcth word following the Instruction 
Word does not contain an Operand Descriptor; instead. it 
contains an Indirect Pointer to the Opsrand Descriptor. 

C(Y-charnD« C(Y-charQ2), and C(Y-charn3l may be 
overlapping strings; no checK is made. 

If T = 1 and the Truncation indicator is set ON by 
execution of the instruction, then a Truncation (Overflow) 
Fault occurs. 

Detection of a character outside the ~ange 10,11] (octal) 
in a digit position or a character outside the range 
[12,17] (octal) in a sign position causes an Illegal 
Procedure Fault. 

Attempted execution with XED causes an II legal Procedure 
Fault. 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 
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* EIS - Deci m al Multiplication s 



MP2D 



Multiply Using 2 Decimal Operands 



206 (1) 



FORMATS 



Same as Add Using 2 Decimal Operands (4D2D) 
(See Figure 2-27). 



SUMMARY I 



C(Y-charQl) x C(Y-cham2) -> C(Y-charQ2) 



MODIFICATIONS! None except AU* QU« AL» QL» or Xn for 1F1 and MF2 



INDICATORS: 



(Indicators not listed are not affected) 



Zero 

Negative 

Truncation 

Over f I oh 



Exponent 
Overt I ow 

Exponent 
Under f I oh 



If C(Y-charn2) = decimal 0, then ON? otherwise OFF 

If C(Y-charn2) is negative* then ON? otherwise OFF 

If the truncation condition exists witnout rounding* then 
ON; otherwise OFF CSee NOTES) 

If the overflow condition exists* then ON; otherwise 
unchanged (See NOTES) 

If exponent of floating point result exceeds 127 then 
ON; otherwise unchanged* 

If exponent of floating point result is less than -128 
then ON* otherwise unchanged 



NOTES: 



If TN2 and S2 specify a **-bit signed number and P = 1* 
then the 13 (octal) plus sign character is placed 
appropriately if the result of the operation is positive. 

If N2 is not large enough to hold the integer part of the 
result as scaled by SF2* an overflow condition exists* 
the Overflow indicator is set ON aid an Overflow Fault 
occurs. This implies that an unsigned fixed point 
receiving field has a minimum length of 1 character; a 
signed fixed point field* 2 characters; and a floating 
point field* 3 characters. 

If N2 is not large enough to hold all the digits of the 
result as scaled by SF2 and R = 0* then a truncation 
condition exists* data movement stops when C(Y-charn.2) is 
filled and the Truncation indicator is Set ON. If R = 1* 
then the last digit moved is rounded according to the 



absolute value of the remaining digits of the 
the instruction completes normally. 



result and 



If MFfc.RL = 1» then NJj does not contain the operand 
length; instead* it contains a register code for a 
register holding the operand length. 

If MF&. ID = 1* then the &th word following the Instruction 
Word does not contain an Operand Descriptor; insteadt it 
contains an Indirect Pointer to the Operand Descriptor. 
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C(Y-charol) and C(Y-charn2) may be ove~ lapping strings? no 
check is made. 

If T = 1 and the Truncation indicator is set ON by 
execution of the instruction* then a Truncation (Overflow) 
Paul t occurs. 

Oetection of a character outside the *ange [0*111 (octal) 
in a digit position or a character outside the range 
(12,171 (octal) in a sign position causes an Illegal 
Procedure Fault. 

Attempted execution with XEO causes an Illegal Procedure 
Faul t. 

Attempted repetition with RPT* RPD, or RPL causes an 
Illegal Procedure Fault. 



MP3D 



Multiply Using 3 Decimal Operands 



226 (1) 



FORMATS 



Same as Add Using 3 Decimal Operands (AD3D) 
(See Figure 2-28). 



SUMMARY S 



C(Y-charnl) x C(Y-charQ2) -> C(Y-charn3) 



MODIFICATIONS: None except AU, QU, AL* QL* or Xn for MF1 and MF2 



INDICATORS* 



(Indicators not listed are not affected) 



Zero 

Negative 

Truncation 

Overt I ow 



Exponent 
Overt I oh 

Exponent 
Under f I ow 



If C(Y-charn3) = decimal 0, then ON * otherwise OFF 

If C(Y-charn3) is negative, then 3N« otherwise OFF 

If the truncation condition exists without rounding, then 
ON; otherwise OFF (See NOTES) 

If the overflow condition exists, then ON? otherwise 
unchanged (See NOTES) 

If exponent of floating point resjlt exceeds 127 then 
ON? otherwise unchanged. 

If exponent of floating point result is less than -128 
then ON? otherwise unchanged 



NOTESi 



If TN3 and S3 specify a <»-bit signed number and P = 1, 
then the 13 (octal) plus sign character is placed 
appropriately if the result of the operation is positive. 

If S3 specifies fixed point and N3 is not targe enough to 
hold the integer part of the result as scaled by SF3, an 
overflow condition exists? the Overflow indicator is set 
ON and an Overflow Fault occurs. This implies that an 
unsigned fixed point receiving field **as a minimum length 
of 1 character? a signed fixed point field, 2 characters? 
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and a floating point field* 3 characters. 

If N3 is not large enoujh to hold all' the digits of the 
result as scaled by SF3 and R = 0 , then a truncation 
condition exists* data movement stops nhen C(Y-charn.3) is 
filled and the Truncation indicator is set ON. If R = 1, 
then the last digit moved is rounded according to the 
absolute value of the remaining digits of the result and 
the instruction completes normally* 

If MFfc.RL = 1* then Nfc does not contain the operand 
length* instead* it contains a register code for a 
register holding the operand length* 

If MF&.IO = 1, then the &th HOr( j following the Instruction 
Word does not contain an Operand Descriptor; instead* it 
contains an Indirect Pointer to the Operand Descriptor. 

C (Y-charnl) , C{Y-charn2), and C(Y-charn3) may be 
overlapping strings; no check is made* 

If T = I and the Truncation indicator is set ON by 
execution of the instruction* then a Truncation (Overflow) 
Faul t occurs* 

Detection of a character outside the range [0*111 (octal) 
in a digit position or a character outside the range 
£12,17) (octal) in a sign position causes an Illegal 
Procedure Fault* 

Attempted execution with XED causes an Illegal Procedure 
Faul t. 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault* 



4 
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~ LIS - Uecimal Oivisiflna 

DV2D Divide Using 2 Decimal Operands 227 ID 

FORMAT! Same as Add Using 2 Decimal Operands (AD20) 

(See Figure 2-27). 

SUMMARY S C(Y-charn2) / C(Y-charQl) -> C(Y-charn.2) 

MODIFICATIONS: None except AU* QU, AL, QL* or Xn for MF1 and HF2 

INDICATORS: (Indicators not listed are not affected) 

Zero If C(Y-charn2) = decimal 0, then ON * otherwise OFF 

Negative If C(Y-chari)2) is negative* then on; otherwise OFF 

Truncation If the truncation condition exists without rounding* then 
ON; otherwise OFF (See NOTES) 

Overflow If the overflow condition exists* then 0N« otherwise 
unchanged (See NOTES) 

Exponent If exponent of floating point resjlt exceeds 127 then 

Overflow ON; otherwise unchanged. 

Exponent If exponent of floating point result is less than -128 

Underflow then ON* otherwise unchanged 

NOTES: This instruction performs continued long division on the 

operands until it has produced enough output digits to 
satisfy the requirements of the quotient field. The 
number of required quotient digits* NO* is determined 
before division begins as follows ... 

1) Floating point quotient 

NQ - N2* but if the divisor is greater than the 
dividend after operand alignment* the leading zero 
digit produced is counted and the effective precision 
of the result is reduced by one. 

2) Fixed point quotient 

NQ = (N2-LZ2+1) - (N1-LZ1) ♦ (E2-E1-SF2) 



where: Nq = given operand field length 

LZq = leading zero count for operand q 

Eq = exponent of operand q 

SF2 = scaling factor of quotient 

3) Rounding 

If rounding is specified (R = 1)* then one extra 
quotient digit is produced. 
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If CCY-charnl) = decimal 0 or HQ > 63, then division does 
not take place, C(Y-charn.2) are unchanged, and a Divide 
Check Fault occurs. 

If TN2 and S2 specify a <i-bi t signed number and P = i, 
then the 13 (octal) plus sign character is placed 
appropriately if the result of the operation is positive. 

If N2 is not large enough to hold the integer part of the 
result as scaled by SF2, an overflow condition exists; 
the Overfl oh indicator is set OM and an Overflow Fault 
occurs* This implies that an unsigned fixed point 
receiving field has a minimum length of I character? a 
signed fixed point field, 2 characters; and a floating 
point field, 3 characters. 

If N2 is not large enough to hold all the digits of the 
result as scaled by SF2 and R = 0, then a truncation 
condition exists; data movement stops *hen C(Y-charn.2) is 
filled and the Truncation indicator is set ON. If R = 1, 
then the last digit moved is rounded according to the 
absolute value of the extra quotient digit and the 
instruction completes normally* 



If MFfc.RL - 1, then does not contain the operand 

length; instead, it contains a register code for a 
register holding the operand length. 



If MF&.IO « 1, then the Jsth word following the Instruction 
Word does not contain an Operand Descriptor; instead, it 
contains an Indirect Pointer to the Operand Descriptor. 



C(Y-charQi) and C(Y-charn2) may be overlapping strings? no 
check is made. 



If T = 1 and the Truncation indicator is set ON by 
execution of the instruction, then a Truncation (Overflow) 
Faul t occurs. 



Detection of a character outside the range 10,11] (octal) 
in a digit position or a character outside the range 
£12,173 (octal) in a sign position causes an Illegal 
Procedure Fault. 

Attempted execution with XED causes an Illegal Procedure 
Fault. 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 



DV30 



Divide Using 3 Decimal Operands 



227 (1) 



FORMAT I 



Same as Add Using 3 Decimal Operands ( AD30 ) 
(See Figure 2-28). 



SUMMARY X 



C(Y-charn2) / C(Y-charQl) -> C(Y-charn3) 
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MODIFICATIONS* None except AU, QU, AL, QL * or Xn for MF1 and MF2 
INDICATORS! (Indicators not listed are not affected) 



Zero 
Negat i ve 
Truncat ion 

Over f I om 



Exponent 
Overt I om 

Exponent 
Under f I om 



If C(Y-charn.3) = decimal 0* then 3NJ otherwise OFF 

If C(Y-charn3) is negative, then ON* otherwise OFF 

If the truncation condition exists witnout rounding* then 
ON; otherwise OFF (See NOTES) 

If the overflow condition exists* then ON* otherwise 
unchanged (See NOTES) 

If exponent of floating point resjlt exceeds 127 then 
ON* otherwise unchanged* 

If exponent of floating point result is less than -128 
then ON; otherwise unchanged 



NOTES* This instruction performs continued long division on the 

operands until it has produced enough output digits to 
satisfy the requirements of the quotient field. The 
number of required quotient digits* NQ* is determined 
before division begins as follows ••• 

1) Floating point quotient 

NQ = N3, but if the divisor is greater than the 
dividend after operand alignment* the leading zero 
digit produced is counted and the effective precision 
of the result is reduced by one. 

2) Fixed point quotient 

NQ = (N2-LZ2+1) - (N1-LZ1) * (E2-E1-SF3) 

where* Nh. = given operand field length 

LZq = leading zero count for operand n. 

En = exponent of operand q 

SF3 = scaling factor of quotient 

3) Rounding 

If rounding is specified (R = 1) * then one extra 
quotient digit is produced* 

If C(Y-charQl) = decimal 0 or NO > 63, then division does 
not take place* C(Y-charn.3) are unchanged* and a Divide 
Check Fault occurs* 



If TN3 and S3 specify a 4-bit signed number and P = 1* 
then the 13 (octal) plus sign character is placed 
appropriately if the result of the operation is positive. 

If S3 specifies fixed point and N3 is not large enough to 
hold the integer part of the result as scaled by SF3, an 
overflow condition exists; the OverfJaw indicator is set 
ON and an Overflow Fault occurs. This implies that an 
unsigned fixed point receiving field has a minimum length 
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of 1 character; a signed fixed point field, 2 characters; 
and a floating point field, 3 characte-s. 

If N3 is not large enough to hold all the digits of the 
result as scaled by SF3 and R = 0, then a truncation 
condition exists; data movement stops when CtY-charn.3) is 
filled and the Truncation indicator is set ON. If R = 1, 
then the last digit moved is rounded according to the 
absolute value of the extra quotient digit and the 
instruction comoletes normally. 

If MFfc.RL = 1, then N& does not contain the operand 
length; instead, it contains a register code for a 
register holding the operand length. 

If MFIs.IO = 1, then the k.th word following the Instruction 
Word does not contain an Operand Desc-iptor; instead, it 
contains an Indirect Pointer to the Operand Descriptor. 

CtY-charn.1) , C(Y-charn2), and C(Y-charn3) may be 
overlapping strings* no check is made. 

If T = 1 and the Truncation indicator is set ON by 
execution of the instruction, then a Truncation (Overflow) 
Fault occurs. 

Detection of a character outside the range [0*11] (octal) 
in a digit position or a characT.'- outside the range 
112,17) (octal) in a sign position causes an Illegal 
Procedure Fault. 

Attempted execution with XED causes an Illegal Procedure 
Fault. 

Attempted repetition with RPT, RPD, or RPL causes an 
Illegal Procedure Fault. 
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The Move Alphanumeric Edited (MVE) and Hove Numeric Edited CMVNE) 
instructions require micro operations to perform the editing functions in an 
efficient manner* The sequence of micro operation steas to be executed is 
contained in storage and is referenced by the second operand descriptor of the 
MVE or HVNE instructions. Some of the micro operations require special 
characters for insertion into the string of characters being edited. These 
special characters are shown in the "Edit Insertion Table" discussion below. 



M icro Opera t ion Sequenc e 

The micro operation string operand descriptor points to a string of 9-bit 
characters that specify the micro operations to be performed during an edited 
move. Each of the 9-bit characters defines a micro operation and has the 
f ol I owing format x 



0 0 0 0 

—D it-5 a_ 

I 2 I 
I MOP I IF I 
J I L 



Figure 2-29 Micro Operation (MOP) Character Format 

MOP 5 bit code specifying Micro Operation to be perfomed. 

IF Information Field containing one of the following... 

1. A sending string character count. A value of 0 is 
interpreted as 16. 

2. The index of an entry in the edit insertion table to 
be used. Permissible values are 1 through 8. 

3. An interpretation of the "b I anK-wien-zero** operation 



[able 

While executing an edit instruction, the Processor provides a register of 

eight 9-bit characters to hold insertion information. This register, called the 

"Edit Insertion Tabled, is not maintained after execution of an edit 



instruction. At the start of each edit instruction, the Processor hardware 
initializes the table to the values given in Table 2-8, where each symbol refers 
to the corresponding standard ASCII character. 
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Table 2-« Default Edit Insertion Table Characters 



Table Entry 

Number Cnacaclfitc 

1 b I ank 

2 » 

3 ♦ 
k 

5 S 

6 , 
7 

8 0 (zero) 



One or all of the table entries can be changed by the Load Table Entry or 
the Change Table micro operations to provide different insertion characters. 



The hardware provides the following four ~edi t flagsa for use by the micro 
operations. 



ES End Suppression Flag; initially OFF and set ON by a micro 

operation when zero suppression ends. 

SN Sign Flag; initially set OFF if the sending string is 

alphanumeric or unsigned numeric. If the sending string 
is signed numeric* the sending string sign character is 
tested and SM is set OFF if positive* and ON if negative. 

2 Zero Flag; initially set ON. It is sat OFF whenever a 

sending string character that is not decimal zero is moved 
into the receiving string. 

8Z Bl ank-When-Zero Flag; initially set OFF and is set ON by 

either the ENF or SES micro operation. If* at the 

completion of a move* both the Z and BZ are ON* the 

receiving string is filled with cha-acter 1 of the Edit 
Insertion Table. 



I&crcinatinq Micro Qaanatiflns 



The micro operations are terminated normally when the receive string length 
becomes exhausted. The micro operations are terminated abormally (with an 
Illegal Procedure Fault) if a move from an exhausted sending string or the use 



of an exhausted MOP string is attempted. 
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The hardware executes MVNE in a slightly different manner than it executes 
MVE. This is due to the inherent differences in which nume-ic and alphanumeric 
data is handled. The following are brief descriptions of the hardware 
operations for MVNE and MVE. 



NUMERIC EDITS 



1. Load the entire sending string number (maximum length 63 characters) 
into the Decimal Unit Input Buffer as U-bi t digits (high-order 
truncating 9-bit data). Strip the sign and exponent characters fit 
any), put them aside into special holding registers and decrease the 
Input Buffer count accordingly* 

2. Test sign and. if required* set the SN flag* 

3. Execute micro operation string, starting with first Ct-bi t) digit. 

k» It an Edit Insertion Table entry or MOP insertion character is to be 
stored, "ANDed*", or "*ORed" into a receiving string of or 6-bit 
characters, high-order truncate the character accordingly. 

5. If the receiving string is 9-bit characters, high-order fill the 
C»-bit) digits from the Input Buffer with bits Q-*t of character 8 of 
the Edit Insertion Table* If the receiving string is 6-bit 
characters, high-order fill the digits with "00"b. 



ALPHANUMERIC EDITS 



1* Load Oecimal Unit Input Buffer with sending string characters* Data 
is read from main store in unaligned units (not 0 modulo 8 boundary) 
of Y-blocK8 words* The number of characters read is the minimum of 
the remaining sending string count, the remaining receiving string 
count, and 6<»* 

2* Execute micro operation string, starting with trie first receiving 
string character* 

3* If an Edit Insertion Table entry or MOP insertion character is to be 
stored, "ANDed", or " , ORed M into a receive string of **- or 6-bit 
characters, high-order truncate the character accordingly. 



Micco. Operators 



A description of the 17 micro operations (MOPs) follows. The mnemonic, 
name, octal value, and the function performed is given for each MOP in a format 
similar to that for Processor Instructions. These micro operations are included 
in the alphabeitc list of instructions in Appendix 0. identified by the code 
MOP. 

Checks for termination are made during and after each micro operation. All 
MOPs that make a zero test of a sending string character test only the four 
least significant bits of the character* 
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The following additional abbreviations and symbols are used in the 
descriptions of the MOPs. 



EIT Edit Insertion Table 

pin current position in the sending string 

pmop current position in the micro operation string 

pout current position in the receiving string 

CHT Change Table 21 

SUMMARY I For i = 1, 2, 8 

CIY-char92)pmop«-i -> CfEITH 

FLAGSJ None affected 

NOTES* C(IF) is not interpreted for this operation. 

ENF End Floating Suppression 02 

SUMMARY* If C(IF)0 = 0, then 



If ES is OFF, then 

If SN if OFF, then C(EIT)3 -> C ( Y-charn3) pout*l 

If SN in ON, then C(EIT)^ -> C( Y-charn3> pout*i 

pout = pout ♦ 1 

ES set ON 
If ES is ON, then no action 
If C(IF)0 = It then 
If ES is OFF, then 

C(EIT)5 -> C(Y-charn.3)pout+l 

pout = pout «■ 1 



ES set ON 
It ES is ON, then no action 
If C(IF)1 = 1, then BZ set ON; otherwise no action 

FLAGS« (Flags not listed are not affected} 
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ES 
BZ 



If OFF, then set ON 

If C(IF)1 =1, then set 0N» othewise na change 



IGN 



SUMMARY I 
FLAGS* 



Ignore Source Character 



CCIF) ♦ pin -> pin 



None affected 



INSA 



SUMMARY* 



FLAGS* 
NOTES! 



Insert Asterisk on Suppression 

If ES is OFF, then 

C(EIT)2 -> CCY-charo.3)pout+l 

If C(IF) = 0, then pmop = pmop ♦ 1 

If ES is ON, then 

If C(IF) * 0, then 
m = C (IF) 

C(EIT)m -> C(Y-charn3)pout+l 
If CtIF) = 0, then 

CCY-char92)pmop*l ->C(Y-charQ3) pout+1 
pmop = pmop «■ 1 

None affected 

If CIIF) > 8 an illegal procedure Fault occurs. 



INSB 



SUMMARY* 



Insert Blank on Suppression 

If ES is OFF, then 

C(EIT)1 -> C(Y-charn3)pout+l 



If C(IF> = 0, then pmop = pmop ♦ 1 
If ES is ON, then 

If CUFI * 0, then 
m = CIIF) 

CIEITIm -> C(Y-charn3)pout+l 



REVIEW DRAFT 
SUBJECT TO CHANGE 
October, 1975 



If CUFI = 0, then 

C(Y-char92)pmop*i ->C(Y-charn3) pout*l 
pfflop - pmop + 1 



FLAGS* 
NOTESX 



None affected 



If CCIF) > 8 an illegal Procedure Fault occurs 



INSH 



SUMMARY I 



FLAGS! 



Insert Table Entry 1 Multiple 

For i = 1, 2, .... C(IF) 

C(EIT>1 -> C(Y-charn3)pout+i 

None affected 



INSN 



SUMMARY* 



FLAGS! 
NOTES: 



Insert on Negative 

If SN is OFF, then 

C(EIT)1 -> C(Y-charQ3>pout*l 

If C(IF) = 0t then pmop « pmop ♦ 1 

If SN is ON, then 

If C(IF) * 0, then 
m = C(IF) 

C(EIT)m -> C(Y-charn3)pout»l 
If CCIF) = 0, then 

C(Y-char92)pmop*l ->C (Y-charn.3>p3ut*l 
pmop = pmop *■ 1 

None affected 

If CIIF) > 8 an illegal procedure Fault occurs 
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Insert on Positive 



13 



SUMMARY I If SN is ON, then 

C(EIT)1 -> C(Y-charQ3)pout *1 
If CIIF) = 0* then pmop = pmop ♦ 1 
If SN is OFF, then 
If CUF1 # 0, then 
m = CIIF) 

C(EIT)m -> C( Y-charn3)pout»l 
If CIIF) = 0, then 

C <Y-char92)pmop+l ->C ( Y-charQ3) pout*l 
pmop = pmop * 1 

FLAGS: None affected 

NOTES* If CIIF) > 8 an Illegal Procedure Fault occurs. 



LTE 



Load Table Entry 



20 



SUMMARY I 



m * CIIF) 

CCY-char92)pmop*l -> C(EIT)m 
pmop = pmop + 1 



FLAGS! 
NOTES* 



None affected 



If CIIF) - 0 or CCIF) > 8 ah Illegal Procedure Fault 
occurs. 



MFLC 



Move with Float Currency Symbol Insertion 



07 



SUMMARY! 



For i - l f 2, ...» CIIF) 



If ES is ON, then CI Y-charQi) pi n+i -> C !Y-chara3)pout*i 
If ES is OFF and C lY-charol) pi n*i = decimal 0, then 

CIEIT)! -> CIY-charn3)pout*i 
If ES is OFF and C IY-charQl) pin*i $■ decimal 0, then 

CIEIT)5 -> CIY-char Q 3)pout*i 
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C(Y-charQl)pin*i -> C(Y-char u 3)pout*i*l 



pout = pout ♦ 1 
ES set ON 



FLAGS! 

ES 



(Flags not listed are not affected) 



If OFF and any of CCY-charn.1) pin+i / decimal 0, then ON; 
otherwise unchanged 



NOTESI 



If Nl or N2 exhausts before N3* an Illegal Procedure Fault 
occurs* 

The number of characters moved to the receiving string is 
data dependent. If the entire C ( Y-cha-Ql) is decimal 0*s. 
C(IF) characters are moved to C(Y-cha-Q3) • However* if 
the receiving string contains a non-zero character, then 
C(IF)*1 characters are moved to C(Y-charn.3); the insertion 
character plus C(Y-charQl). The user is advised that a 
possible Illegal Procedure Fault due to this condition may 
be avoided by assuring that the Z and BZ flags are ON. 



MFLS 



Move with Float Sign Insertion 



06 



"SUMMARY* 



For i = 1, 2, .... C(IF) 

If ES is ON, then C( Y-charnl) pin*i -> C (Y-char u 3)pout*i 
If ES is OFF and C ( Y-charQl) pin*i = decimal 0, then 

C(EIT)1 -> C(Y-char u 3)pout*i 
If ES is OFF and C (Y-char u l) pln+i * decimal 0, then 
If SN is OFF, then C(EIT)3 -> C(Y-charQ3)oout+i 
If SN is ON, then C(EIT><* -> C( Y-charj}3) pout + i 
C(Y-charQl)pin*i -> C ( Y-charQ3) pou t+i +1 
pout = pout ♦ 1 
ES set On 



FLAGS! 



(Flags not listed are not affected) 



ES 



If OFF and any of C (Y-charnD Pin*i * decimal 0* then ONj 
otherwise unchanged 



NOTES* 



If Nl or N2 exhausts before N3, an Illegal Procedure Fault 
occurs. 

The number of characters moved to the receiving string is 
data dependent. If the entire C(Y-cha-Ql) is decimal 0's, 
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CCIF) characters are moved to C ( Y-cha-Q3) • However, if 
the receiving string contains a non-zero character, then 
C(IF)*1 characters are moved to C(Y-charQ3)5 the insertion 
character olus C(Y-charol ) • The jser is advised that a 
possible Illegal Procedure Fault due to this condition may 
be avoided by assuring that the Z and 3Z flags are On. 

Move and OR Sign 17 

For 1 s li 2i ...» CtIF) 
If SN is OFF, then 

C(Y-charQl)pin+i J C(EIT)3 -> C ( Y-charn.3) pout + i 
If SN if ON, then 

C(Y-charnl)pin+i I C(EIT)<» -> C ( Y-charn.3)pout*i 

FLAGS* None affected 

HSES Move and Set Sign 16 

SUMMARY* £ar. MVNE 

For i » It 2, C(IF) 

C (Y-charn.l)pin*i -> C ( Y-charn.3 ) pout ♦ 1 
Eon ML 

For i ■ 1, 2, .... CCIF) 

C( Y-charQl)pin*i -> C ( Y-charQ3) pout*i 
C(Z) = C(Y-charnl) Pin+i i CCEITI3 

If CCZ1 * 0, then for J = i+1, i*2, CCIF) 

C( Y-charnDpin+J -> CfY-charQ3) pout* \ 
If C(Z) - 0, then 

C(Z) = C(Y-charnl>Pin*i i C(EIT)*» 
If C(Z) * 0, then 



MORS 

SUMMARY S 



SN set ON 

For J a i+1, i+2t ...t C(IF) 

C(Y-charnl)pin + J -> C (Y-charn.3 ) pout* J 

FLAGS* (Flags not listed are not affected) 
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SN 



If C(EIT)fc found in C(Y-char u l>, then ON; otherwise no 
change 



MVC 



Move Source Character 



15 



SUMMARY 1 



For i s 1, 2, .... CIIF) 

C( Y-charQi) pin*l -> C( Y-charQ3> pout*l 



FLAGS* 



None affected 



MVZA 



Move with Zero Suppression and Asterisk Replacement 



05 



SUMMARY S 



For i ' i, 2, CCIF) 

If ES is ON, then CC Y-charQl) pin+i -> CIY-charn3>pout*i 
If ES is OFF and C (Y-charQl)pin*i = decimal 0, then 

C<EIT12 -> C(Y-charn3)pout*i 
If ES is OFF and C CY-charnD pin+i * decimal 0. then 

CCY-charal)Pin*i -> C <Y-charn3)pout*i 

ES set On 



FLAGS* 
ES 



(Flags not listed are not affected) 



If OFF and any of C (Y-charni) pin*i * decimal 0, then ON; 
otherwise unchanged 



NOTESI 



If Nl or N2 exhausts before N3, an Illegal Procedure Fault 
occurs. 



MVZB 



Move with Zero Suppression and Blank Replacement 



Ok 



SUMMARY! 



For i = 1, 2, .... C(IF) 

If ES is ON, then C(Y-charnl) pin*i -> C[Y-char u 3>pout*i 



If ES is OFF and C (Y-charn.1 ) pln*i = decimal 0, then 

CIEITIl -> C(Y-charQ3)pout»i 
If ES is OFF and C I Y-charQl) pin*i / decimal 0, then 

C <Y-charQl)pin«- i -> C (Y-charo.3) pout* i 

ES set ON 
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FLAGS* 



(Flags not listed are not affected) 



ES 



If OFF and any of C ( Y-charn.l> Pin*i t decimal 0* then ON; 
otherwise uncahnged 



NOTES1 



If Nl or N2 exhausts before N3» an Illegal Procedure Fault 
occurs. 



SES 



Set End Suppression 



03 



SUMMARY I 



If CCIF)0 = 0» then ES set OFF 
If CCIF>0 = 1, then ES set ON 

If C(IF)1 = 1, then BZ set ON; otherwise no action 



FLAGS* 



(Flags not listed are not affected) 



ES 
BZ 



Set by this micro operation 

If C(IF)1 = 1, then ON; otherwise no ctange 



Bier ft Operation Code. Assignment Map 

Operation code assignments for the micro operations are shown in Table 2-9 

below. {—-) indicates an unassigned code. All unassigned codes cause an 
Illegal Procedure Fault. 



Table 2-9 ~Micro Operation Code Assignment 1ap3 



00 1 — 1 insml enf 1 ses 1 fflvzbl mvzal mflsJ mflcS 

10 1 insb! insal insnl inspl ign 1 mvc 2 msesl mors! 

20 1 Ite 1 cht 1 1 I 1 I 1 1 

30 i I 1 — - 1 1 — I 1 i 1 
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SECTION III 
DATA REPRESENTATION 



INFORMATION ORGANIZATION 



The Processor, like the rest of the Hultics system, is organized to deal Kith information 
in basic units of 36-bit "words". 

Other units of «♦-, 6-, 9-bit "characters" or "bytes", 18-bit "half words", and 72-bit "word pairs" 
can be manipulated within the Processor by use of the instruction set. 
These bit groupings are used by the 

hardware and software to represent a variety of forms of coded data. 

Certain Processor functions appear to manipulate larger units of lUk t 288, 576, and 1152 bits, but 

functions are performed by means of repeated jse of 72-bit word pairs. 
A 1 1 in format ion is 

respresented as strings of binary bits. 



P OSITION NUMBERIN G 



The numbering of bit positions* characte* positions, and words increases in the direction 
of conventional reading and writing! from the most-significant to the least-significant 
digit of a number, and from left to right in conventional alphanumeric text. 

Graphic presentations in this manual show registers and data witt position 
numbers increasing from left to right. 



NUMBER SYSTEM « . . 

The arithmetic functions of the Processo- are implemented in the two's 
complement, binary number system* One of the primary properties of tiis 
number system is that a field (or register) having; width q bits may be 
inprepreted in two different ways; the "logical*" case and the "arithmetic" 
or "algebraic** case* 



In the logical case, the number is unsigned, positive, and lies in the 
range (0»2**q - 1). The results of arithmetic operations on numbers 
for this case are interpreted as 0 modulo q njmbers. 

Overflow is hot defined tor this case since trie range of the field or 
register cannot be exceeded. 

The numbers "0" and "2**q - 1" are consecutive (not separated) in the 
set of numbers defined for the field or register. 
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In the arithmetic case* the number Is signed and lies In the range 
<-2*»Cn-l> »2»*(n-l) - 1). Overflow is defined for this case since since the 
range can be exceeded in either direction (positive or negative). 

The left-hand-most bit of the field or register Cbit 0) serves as the sign bit and 
does not contribute to the value of the number. 



The main advantage of this implementation Is that the hardware arithmetic 
algorithms for the two cases are identical; the only distinction 
lying in the interpretation of the results by the user. 
Instruction Set features are provided 

for performing binary arithmetic with overflow disabled 

(the so-called logical instructions) 

and for comparing numbers in either sense* 



Subtraction is performed by adding the two's complement of the 
subtrahend to the minuend. 

(Note that when the subtrahend is zero the algorithm tor forming the two's complement 
is still carried out * but, since the two's complement of zero is zero* 
the result is correct. I 



Another important feature of the two's complement 
number system (with respect to comparison of numeric values) is that 
the "ho borrow** condition in true subtraction is identical to the 
"carry** condition in true addition and vice versa. 



A statement on the assumed location of the binary point has significance' only 
for multiplication and division. These two operations are implemented for the arithmetic case 
in both integer and fraction modes. 

"Integer** means that the position of the binary point is 

assumed to the right of the least-significant bit position (that is* to the 

right of the right-hand-most bit of the field or register) 

and "fraction" means that the position of the binary point is assumed 

to the left of the most-significant bit position (that is* between bit 0 and 

bit 1 of the field or register; recall that bit 0 is the sign bit). 



INFORMATION FORMATS 

The Figures below show the unstructured formats (templates) for the various information units 
defined for the Processor. ' 

Data transfer between the Processor and main store is word oriented* a 36-bit machine word is 

transferred for single-precision operands and sub-fields of machine words* and a 72-bit word pair 

is transferred for all other cases (mufti- word operands* instruction fetches* bit- and character-str. 

The information unit to be used and the data transfer mode is determined by the Processor 
according to the function to be performed. 



The 36-bit unstructured machine word shown in Figure 3-1 below is the minimum addressable 
information unit in main store. Its location is uniquely determined by its main store address* Y. 
All other information units are defined relative to the 36-bl t machine word. 
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36 



Figure 3-1 Unstructured Machine Word Format 



Two consecutive machines words as shown in Figure 3-2 below* the first 
having an even main store address* form a 72-bit word pair* In 72-bit word pair 
data transfer mode* the word pair is uniquely located by the main store address 
of either of its constituent 36-bit machine words. Thus, if Y is even* the word 
pair at <Y,Y-H) is selected. If Y is odd, the word pair at (Y-1,Y> is 
selected. The term "Y-pair" is used for such a word pair address. 



3 3 



36 



Even Hord 



Odd Word 



36 



Figure 3-2 Unstructured Hord Pair Format 



U-bit characters are mapped onto 36-bit machines words as shown in Figure 

3-3 below. The "O" bits at bit positions 0, 9, 18, and 27 are forced to be 0 by 

the Processor on data transfers to main store and are ignored on data transfers 
from main store. 
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Figure 3-3 Unstructured *»-bit Character Format 



6-bit characters are mapped onto 36-bit machines words as shown in Figure 



3-«» below. 
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Figure 3-<» Unstructured 6-bit Character Format 



9-bit characters are mapped onto 36-bit machine words as 
3-5 below. 



shown in Figure 



0 0 



1 1 



2 2 
-6-Z. 



Figure 3-5 Unstructured 9-bit Character Format 



18-bit half words are mapped onto 38-bit machine words as shown in Figure 
3-6 below. 



1 1 



Upper Hal f 



19 



Lower Half 



18 



Figure 3-6 Unstructured 18-bit Half Word Format 



QATA PARITY 

Odd parity on each 36-bit machine word transferred to main store is 

generated as it leaves the Processor, is verified at several points along the 

transmission path, and is held in main store as an "extra" bit. If an incorrect 

parity is detected at any of the various parity "cneck points", the main store 



returns an Illegal Action signal and a code appropriate to the checK point. 



On data transfers from main store, the parity bit is retrieved and 
transmitted with the data bits. The same verification checKs are made and 
Illegal Action signalled for errors. The Processor makes a final parity check 
as the data enters the Processor. 
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Any detected parity error causes the Processor Parity indicator to set ON 
and (if enabled) a Parity Fault. 




I ON OF DATA 



Data is defined by imposing an operand structure on the information units 
described above. Data is represented in two forms: nume~ic or alphanumeric. 
The form is determined by the Processor according to function to be performed. 



ttmnerrlc Data 



Numeric data is represented in three modest fixed point binary* floating 
point binary* and decimal. The mode is determined by the Processor according to 
the function being performed and any Address Modification invoked for the 
instruction being executed* 



FIXED POINT BINARY DATA 



Fixed Point Binary Integers 



Fixed point binary integer data is defined by imposing either of the bit 
position value structures shown below on an information unit of n bits. 



Logical values 



Arithmetic value! 

['•-"laCOJ (aCl)«a(0))x2**(Q-Il*Ca(2)ea(0))x2*»tn-2>+ ••• ♦ ( a ln-l> »a t 0 > > 



a(i> is the value of the bit in the 1th bit position 
• indicates the Boolean Exclusive OR function 
•*T" indicates the position of the binary point 



£**-**&a(Q)] selects the proper sign according the value of afO) 
The following fixed point binary integer data items are defined! 



afOJx2»»n ♦ a<i)x2»»(n-l) ♦ 



• • . 



♦ a(Q-l> 



T 



where! 



V 
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n llama 

6 6-bit Byte Operand 

9 9-bit Byte Operand 

18 Half Word Operand 

36 Single Precision Operand 

72 Oouble Precision Operand 



Note that <»-bit Byte Operands are qq_1 defined. This data item is defined 
only for Oecimal Data. (See Decimal Oata below.) 



The proper operand and its position within a 36-bit machine word is 
determined by the Processor during preparation of the main store address for the 
operand. If the data width of the operand selected is smaller than the register 
involved* the operand is high-order and/or low-order zero filled as necessary. 



Table 3-1 Fixed Point Binary Integer Values 



Operand 



6-bit 
Byte 



Logical range 

Minimum! 0 
Maximum* (2»*6)-l 
Resolutions 1 



9-bit 
Byte 



<2»»9)-l 
1 



18-bit 
Half Word 



<2**18>-1 
1 



36-bit 
Single Precision 



C2»»36)-i 
1 



72-bit 
Double Precision 



<2»*72)-l 
1 



Arithmetic range 

Minimum! 0 0 
Maximal 

Neg. -I2»*5) -<2*»8) 

Pos. I2»*5)-1 C2»*8)-l 

Resolutions 1 1 



-<2»»17> 
C2»»17>-1 
1 



-(2»»35) 
(2»»35l-l 
1 



-<2»»71> 
(2»»71>-1 
1 



Fixed Point Binary Fractions 



Fixed point binary fraction data is defined by imposing the bit position 
value structure below on an information unit of q bits. 



Arithmetic value* 

f-"ia(0) ] (a(l)8aC0) )x2»»-l+(a<2)8a(0 ))x2»»-2*...*(a(D-l)ta{0))x2»*-(n-l) 

T 



Note that logical values are not defined for fixed poirtt binary fraction 



data* 



The following fixed point binary fraction data items are defined! 
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n Hams. 

6 6-bit Byte Operand 

9 9-bit Byte Operand 

18 Half Word Operand 

36 Single Precision Operand 



Note that <»-bit Byte Operands and 72-bit Double Precision Operands are pot 
defined* <t-bit Byte Operands are defined only for Decimal Data. (See Decimal 
Data below.) If the instruction being executed is Divide Fraction (DVT), the 
contents of the combined Accumulator and Quotient Registers are treated as a 
72-bit fixed point binary fraction value but are not addressable as an operand. 



The proper operand and its position within a 36-bit machine word is 
determined by the Processor during preparation of the main store address for the 
operand. If the data width of the operand selected is smaller than the register 
involved* the operand is high-order or low-order zero filled as necessary. 



Table 3-2 Fixed Point Binary Fraction Values 



6-bit 9-bit Lower 18-bit 

Operand Byte Byte Half Word 

Arithmetic range 

Mini mum: 0 0 0 
.Maxima: 

Neg. (1) 

Pos. ({2»»5>-l> x 2»»-35 <(2»»8>-l> x 2»*-35 <(2»*17>-i) x 2»»-35 

Resolution. 2»»-35 2»*-35 2»»-35 



Upper 18-bit 36-bit 
Operand Half word Single Precision 

Arithmetic range 

Miniicums 0 0 
Maximal 

Neg. -1.0 -1.0 

Pos. 1.0 - 2»»-17 1.0 - 2»*-35 

Resolution! 2»»-17 2**-35 

(1) No Negative maximum is shown for 6-bit Byte. 9-bit Byte* and Lower 18-bit 
Half Word operands since the high-order zero till during operand 
alignment forces the sign bit to zero. 

All operands are legal for the Divide Fraction (DVF) instruction but only 
the 18-bit Half Word and 36-bit Single Precision operands are legal for the 



Multiply Fraction (MPF) instruction. 

Fixed point binary fraction operands are illegal for all other 
instructions. 
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FLOATING POINT BINARY DATA 



A floating point binary number is expressed as 



Z = M x 2 ** E 



Mheret 

M is an arithmetic fixed point binary fraction* the mantissa 
E is an arithmetic fixed point integer* the exponent 



A floating point binary number is defined by imposing the bit position 
value structure below on an information unit of q bits* 



Exponent values 

C-- M ialO)] (a(l)«a(0))x2**6 ♦ C a < 2) fta ( 0 ) ) x2»»5 ♦ ... ♦ (a(7)8a{0)> 

T 



Mantissa values 

I"--iaf8> ] fa(9)8a(8)>x2"-l + (a CIO) 6a (8 1 ) x2*»-2*... ♦ (a(Q-l)Sa<8 ) )xZ** f 7-&> 
T 

where the symbols and notation are the same as for fixed point binary data 
above. 



The To! lowing floating point data items are defined. 



n Nam& 

18 Half Word Operand 

3b Single Precision Operand 

72 Double Precision Operand 

For clarity* the formats of these operands are shown in Figures 3-7 through 
3-10 below. 

00 000 11 3 

Q 1 Z_l_2 Z_2. 5_ 

ii s i : : 

1 SI E is: M iOOOOOOOOOOOOOOOOOOt 



i_J L_J L L 

1 7 1 10 18 



Figure 3-7 Upper 18-bit Half Word Floating Point Binary Operand Format 
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00 000 11 3 

■J L-i z_a._a z_a jl. 

i t i i i i 

1010 0 0 0 0 0 01010 0000000 01 H 1 
±_J 2 — Jt L L 

1 7 1 10 13 

Figure 3-8 Loner 18-bit Half Word Floating Point Binary Operand Format 



0 0 0 0 0 3 

Q I Z_fi._3 £_ 

1111 1 
1S1 E 1S1 M I 

1 1 L_J L 

17 1 27 

Figure 3-9 Single Precision Floating Point Binary Operand Format 



0 0 0 0 0 7 

7_a_a 2_ 

1111 I 

IS! E IS1 M 1 

JLJ LJ L 

17 1 63 

Figure 3-10 Oouble Precision Floating Point Binary Operand Format 



The proper operand is selected by the Processor during preparation of the 
main store address for the operand* If the data width of the operand is smaller 
than the register involved* the operand is high-order or Ion-order zero filled 
as necessary* 



Overlength Registers 

The combined AQ register is used to hold the mantissa of all floating point 
binary numbers* The AQ register is said to be overlength with respect to the 
operands since it has more bits than are provided by the operands. Operands are 
low-order zero filled when loaded and low-order truncated (or rounded* depending 
on the instruction) when stored. Thus, the result of all floating point 
instructions has more bits of precision in the AQ than may be stored* 

Users are cautioned that algorithms involving floating point operands may 



suffer from propagation of truncation errors unless the algorithms are designed 
to hold mantissas in the AQ register as long as possible. It is possible to 
retain full AQ precision of results if they are saved with the Store AQ (STAQ) 
and Store Exponent (STE) instructions but such saved data are not usable as a 
floating point operand* 



Normalized Numbers 
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A floating point number is said to be normalized if the relation 
(0.5 < 1H1 < 1.0) 

is satified. The presence of unnormal ized numbers in any finite mantissa 
arithmetic can only degrade the accuracy of results. For example, in an 
arithmetic allowing only two digits in the mantissa* the number 0.005 x 10**2 
has the value zero instead the value one half. 

Normalization is a process of shifting the mantissa and adjusting the 
exponent until the relation above is satisfied. Normalization may be used to 
recover some or all of the extra bits of the overt ength AQ register after a 
floating point operation. 

There are cases where the limits of the registers force the use of 
unnormal ized numbers. For example* in an arithmetic allowing three digits of 
mantissa and one digit of exponent, the calculation D.3 x 1Q**-10 - 0.1 x 
10**-ii Cthe normalized case) may not be made, but 0.03 x 10**-9 - 0.001 x 
10**-9 * 0.029 x 10**-9 (the unnormal ized case) is a valid result. 



Some examples of normalized and unnormal ized numbers are* 



Unnormal ized positive binary 
Same number normalized 
Unnormal ized negative binary 
Same number normalized 



0.00011010 x 12**7} 

0.11010000 x lZ**i*1 

1.11010111 x 1 2**-<*> 

1.01011100 x <2**-6) 



The minimum normalized non-zero floating point binary njmber is 2**-128 in 
all cases* 



Table 3-3 Floating Point Binary Operand Vatjes 



Lower 18-bit Upper 18-bit 36-bit 

Operand Half Word Half Word Single Precision 

Unnormal ized range 

Minimum* 0(1) 0 0 
Maximum 

Neg. (2) -1.0 x 2**127 -1.0 x 2**127 

Pos. (2**9 - 1) x 2**-155 (1 - 2*»-9) x 2**127 (1 - 2**-27) x 2**127 

Resolutions 2**-155 1»9(3) lt27 



72-bit 

Operand Double Precision 



Unnormal ized range 

Minimum: 0 

Maximum: 

Neg. -1.0 x 2**127 

Pos. (1 - 2**-63) x 2**127 

Resolution! It63 
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CI) There is no unique representation for the value zero in floating point 
binary numbers* any number with mantissa zero has the value zero* However* 
the Processor treats a zero mantissa as a special case in order to preserve 
precision in later calculations with a zero intermediate result. Whenever 
the Processor detects a zero mantissa as the result of a floating binary 
operation* the AQ register is cleared to zeros and the £ register is set to 
-128. This representation is known as a floating normalized zero. The 
unnorma I ized zero (any zero mantissa) will be handled correctly if 
encountered in an operand but precision may be lost. For example* A x 
10»»-H» ♦ 0 x 10»»35 will not produce desired results since all the 
precision of A will be lost when it is aligned to match the 1D*»85 exponent 
of the 0. 



(2) 



No Negative maximum is shown for Lower 18-bit Half Word operands since the 
high-order zero fill during operand alignment forces the sign bit to zero. 



(3) A value cannot be given for Resolution in these cases since such a value 
depends on the value of the exponent* E. The notation used Cl*a) indicates 
resolution to 1 bit in a field of m. Thus* the following general statement 
on resolution may be madei 

The resolution of a floating point binary operand with mantissa length n 
and exponent value E is 2»»(E-jn)« 



DECIMAL DATA 



Decimal numbers are expressed in one of the following forms! 



Fixed point* no sign 
Fixed point* leading sign 
Fixed point* trailing sign 
Floating point 



MMMMMH. 
♦MMMMHM. 

MMMMMH.+ 
♦MMMMMH. x 1Q*»E 



The form is specified by control information in the Operand Descriptor for 
the operand as used by the Extended Instruction Set (EI3). (See Section II* 
Machine Instructions.) 



A decimal number is defined by imposing any of the character position value 
structures below on a i»-bit Character or 9-bit Character information unit of 
length q characters. 



Fixed point* no signs 

c ( 0)xl0**(u-l) ♦ c(i) x!0**(q-2) ♦ ... ♦ c(D.-l) 



Fixed point* leading signi 

(sign=c(0)l c (1) xlO*» (n.-2> ♦ c (2 > xlO »* (q-3> ♦ ... *■ c(q-1> 
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Fixed point, trailing signi 



c(Q)x10»Mq-2I «■ c(1)x10»Mq-3> ♦ ... 



♦ c(n-l) Isign=c(a> 1 
T 



Floating pointt 

lsign=c(0)l c ( 1) x!0*» (q-3) *c (2 ) x 1Q»» (&-<f ) «• ... *c(q-2) texponent=8 bits! 



c(i> is the decimal value of the character in the ith character 
pos it i on. 

"T M indicates the position of the decimal point. 

lsign-c(i.)3 indicates that cljj is interpreted as a sign character. 

(exponent=8 bits] indicates that the exponent value is taken from the 
last 8 bits of the character string. If the data is in 9-bit 
Characters, the exponent is bits 1-8 of c(q). If tne data is in '♦-bit 
Characters, the exponent is the concatenated value of c(n _ i) and c(.q). 



The decimal number as described above is the only decimal data item 
defined. It may begin on any legal character boundary (without regard to word 
boundaries) and has a maximum extent of 63 characters. 



The Processor handles decimal data as *t-bit bytes internally. Thus, 9-bit 
characters are high-order truncated as they are transferred from main store and 
high-order filled as they are transferred to main store. The fill pattern is 
••00110"b tor digit characters and ~00100*'b for sign characters. The floating 
point exponent is a special case and is treated as a two's complement binary 
integer. 



The Processor performs validity checking on decimal data. Only the byte 
values (0,11) octal are legal in digit positions and only the byte values 
(12,17) octal are legal in sign positions. Detection of an illegal byte value 
causes an Illegal Procedure Fault. The interpretation of decimal sign 
characters is shown in label 3-W below. 



T 



wheret 



Table 3-*» Decimal Sign Character Interpretation 



9-bit 



t»-bit 




52 

53(1) 
5<t 

55(1) 



13(2) 
1M1I 
15(1) 
16 



12 



♦ 



♦ 



56 
57 



17 



♦ 

4- 
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CI) This character is used as the default sign character for storage of 
results. The presence of other characters Hill yield correct results 
according to the interpretation. 

(2) An optioral control bit in the EIS Decimal Arithmetic instructions (See 
Section II, Machine Instructions) allows the selection of (13) octal for 
the plus sign character for storage of results in W-bit data mode. 



Decimal Oata Values 



The Operand Descriptors for decimal data operands have a 6-bit two's 
complement binary field for invocation of a Scaling Factor (SF). This Scaling 
Factor has the same effect as the value of E in floating point decimal operands* 
a negative value moves the assumed decimal point to the left; a positive value* 
to the right. The use of the Scaling Factor extended the range and resolution 
of decimal data operands. The range of the Scaling Factor is (-32,31). 



Table 3-5 Decimal Data Values 



Operand 



Fixed Point 
No Sign 



Fixed Point 
Leading or Trailing Sign 



Arithmetic range 
Mini muni 
Max imumJ 
Rfiso I utions 



0(1) 

(10»»6*» - 1) x 10»»31 
1XSFI2) 



♦C10»»63 - 1) x 10»»31 
1»SF 



Operand 



9-bit Floating Point 



if-bit Floating Point 



Arithmetic range 
Minimuml 
Maxi mum* 
Resolutions 



±(1Q»»62 - 1) x 1Q»»158 
ltSF*E 



tC10*»61 - 1) x 10»»158 
ltSF^E 



(1) See Decimal Zero below. 

(2) A value cannot be given for Resolution in these cases since such a value 
depends on the value of the Scaling Factor, SF, and/or the exponent, E. 
The notation used (USF+E) indicates resolution to 1 part in 10**(SF+E). 
Thus, the following general statement on resolution may be made* 



The resolution of a fixed point decimal operand with Scaling Factor SF 
is 10**SF and the resolution of a floating point decimal operand with 
Scaling Factor SF and exponent E is 10**(SF*E). 
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Oecimal Zero 



As in floating point binary arithmetic* there is no unique representation 
of the value zero except in the case of fixed point, no sign data. Therefore, 
the Processor detects a zero result and forces a value of +0* for fixed point, 
leading or trailing sign and *0. x 10*»127 for floating point data. Again, as 
in floating binary arithmetic, other representations of the value zero will be 
handled correctly except for possible loss of precision during operand 
a I ignment. 



Alphanumeric Data 

Alphanumeric data is represented in two modes; character string and bit 
string. The mode is determined by the Processor according to the function being 
performed. 



CHARACTER STRING DATA 

Character string data is defined by imposing the character position 
structure below on a «»-bit, 6-bit» or 9-bit Character information unit of length 
O characters. 

£f0> II clil II ... II C(Q-l) 

wheret 

cli) is the character in the ith character position. 
11 indicates the concatenation operation. 

The character String described above is the only character string data item 
defined. It may begin on any legal character boundary {without regard to word 
boundaries) and has a maximum extent as shown in Table 3-6 below. 

Table 3-6 Character String Data Length Limits 
Character Siz.& Length Limit 

9-bit 10*»8576 
6-bit 157286U 



*-bit 2097152 

No interpretation of the characters is made except as specified for the 
instruction being executed. (See Section II, Machine Instructions.) 
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BIT STRING DATA 

Bit string data is defined by imposing the bit position structure belon on 
a machine word information unit of length q bits. 

b { 0 ) l l b(i) II ... II b(n-i) 

Mherei 

b(i) is the value of the bit in the ith position. 
12 indicates the- concatenat ion operation. 

The bit string described above is the only bit string data item defined* 
It may begin at any bit position (without regard to character or word 
boundaries) and has a maximum extent of 9*»371d<t000 bits. 
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SECTION IV 



PROGRAM ACCESSIBLE REGISTERS 



A Processor register is a harware assembly that holds information for use 
in some specified way. An accessible register is a register whose contents are 
available to the user for his purposes. Some accessible registers are 
explicitly referenced by particular instructions, some are implicitly referenced 
during the course of execution of instructions, and some are used in both ways. 
The accessible registers are listed in the table below. See Section II, Machine 
Instructions, for a discussion of each instruction to determine the way in which 
the registers are used. 



Table W-1 Processor Registers 



Name Hi 

Accumulator Register 
Quotient Register 
Accumulator-Quotient Register (1) 
Exponent Register 

Exponent-Accumul ator-Quoti ent Register (1) 

Index Registers 

Indicator Register 

Base Address Register 

Timer Register 

Ring Alarm Register 

Pointer Registers 

Procedure Pointer Register 

Temporary Pointer Register 

Descriptor Segment Base Register 

Segment Descriptor Word Associative Memory 

Page Table Word Associative Memory 

Fault Register 

Mode Register 

Cache Mode Register 

Control Unit (CU) History Register 

Operations Unit (OU) History Register 

Oecimal Unit (DU) History Register 

Appending Unit (AU) History Register 

Configuration Switch Oata 



ionic B.U 


LJLfiiglu 


Quantity 


A 


36 


1 


Q 


36 


1 


AQ 


72 


1 


E 


S 


1 


EAQ 


80 


1 


Xn 


18 


8 


IR 


lk 


1 


BAR 


18 


1 


TR 


27 


1 


RALR 


3 


1 


PRn 


hZ 


8 


PPR 


37 


1 


TPR 


kZ 


1 


DSBR* (DBR) 


51 


1 


SDWAM 


85 


16 


PTWAM 


51 


16 




35 


1 


MR 


33 


1 


CMR 


28 


1 




72 


16 




72 


16 




72 


16 




72 


16 




36 


5 



Control Unit Data 
Decimal unit data 



576 
288 



11) These registers are not separate physical 
combinations of their constituent registers. 



assemblies but are logical 



not 



In the descriptions that follow, the diagrams given for register formats do 
imply that a physical assembly possessing the pictured bit pattern exists. 
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The diagram is a graphic representation of the form of the register data as it 
appears in main store when the register contents are sto-ed or how data bits 
must be assembled for loading into the register. 



ACCUHULATQR-REGISTER-iAI 
f prmat i - 36 bits 

0 11 3 

— D £-& 5_ 

i : i 

I A-Upper i A-Lowe- I 

J 5 L 

18 18 

Figure W-l Accumulator Register (A) Format 

Description* 

A 36 bit physical register located in the Operations Unit. 
Function! 

In fixed point binary operations* holds operands and results* 

In floating point binary operations* holds the most significant part of the 
mantissa. 

In shifting operations, holds original data and shifted results. 

In acdress preparation, may hold two logically independent word offsets, 
A-Upper and A-Lower, or an extended range bit or character offset. 

QUOTIENT REGISTER (QJ 

Format* - 36 bits 

0 11 3 

_jl z_a i_ 



: i 

Q-Upper S Q-Lowc i 
L L 



18 18 



Figure <t-2 Quotient Register ( Q) Format 
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A 36 bit physical register located in the Operations Unit. 

Enaction? 

In fixed point binary operations, holds operands and results. 

In floating point binary operations, holds the least significant part of 
the mantissa. 

In Shifting operations, holds original data and shifted results. 

In acaress preparation, may hold two logically independent word offsets, 
Q-Upper and Q-Lower, or an extended range bit or character offset* 

ACCUMULATOR-QUOTIENT REGISTER tAQl 
EormaM - 72 bits 



0 3 3 7 

_]] 5_6 2_ 

i i I 

I" Even Word I Odd Word I 

J I I 

36 36 



Figure k-Z Accumulator-Quotient Register ( AQ) Format 

Qescr lotion* 

A logical combination of the Accumulator (A) and Quotient ( Q) registers, 
f unction! 

In fixed point binary operations* holds double precision operands and 
resul ts. 

In floating point binary operations, holds the mantissa. 

In shifting operations, holds original data and shifted results. 
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f or mat » - 8 bits 

0 0 0 3 

_11 L-A §_ 

1 1 I 

I exponent Ixxxxxxxxxxxxxxxxxxxxxxxxxxxxl 

J 1 L 

8 28 

Figure Exponent Register (E) Fromat 



An 8 bit physical register located in the Operations Unit* Bits pictured 
as "*x" are "don*t care" bits, that is, are irrelevant to the register or 
its use. 

EuqcjLLqq* 

In floating point binary operations, holds the exponent* 

EXPONENT- ACCUMULATOR- QUOTIENT RE&IilER [EAQ) 
Fgcmall - 80 bits 

0 0 0 7 
—S. L-fi 2_ 

1 i I 

I exponent 1 mantissa I 

J 1 L 

8 Sk 

Figure k-5 Exponent-Accumulator-Quotient Register (EAQ) Format 

A logical combination of the Exponent (E), Accumulator (A), and Quotient 
(Q) registers. Although the register has a total of 30 bits, only 72 are 



involved in transfers to and from main store. The low order 8 bits are 
truncated on store and zero filled on load. 

Functi on| 

In floating point binary operations, holds operands and results. 
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INDEX REGISTERS (Xn) 



F ormat t - 18 bits each 



0 



1 

L 



1 



L 



J. 



18 



Figure «»-& Index Register (Xn) Format 




Eight 18 bit physical registers in the Operations Unit numbered 0 through 
7. Index Register data may occupy the position of either an Upper or Loner 
18-bit Half Word operand in a main store machine Mord* 



In fixed point binary operations, hold half word operands and results. 

In acdress preparation! hold word offsets or extended range bit or 
•character offsets* 



D es c r jpt ion : 



A logical assemblage of 1*» indicator flags from various Units of the 
Processor. The data occupies the position of a Lower 18-bit Half Mord 
operand. Bits pictured as **x" are "don't care" bits and are irrelevant to 
the register or its use. Bits pictured as "Q~ are reserved and must have 
value 0. When interpreted as data, a bit value of 1 corresponds to the ON 
state of the indicator, a bit value of 0 corresponds to the OFF state. 
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function* 




1EG ISTFR (I R) 



F ormat ! - 1«» bits 




18 11111111111111 <♦ 



Figure k-7 Indicator Register CIR> Format 



function* 



The functions of the individual indicator bits are given below. An "x" in 
the column headed "L" indicates that the state of the indicator is nftl 
affected by instructions that load the IR. 



K_e* L IndicatQC-Mama 
a Zero 



Negative 



Carry 



a ctio n 

This indicator is set ON whenever the output 
of the main binary adder consists entirely of 
zero bits for binary or shifting operations 
or the output of the deciial adder consists 
of zero digits for decimal operations* 
otherwise, it is set OFF, 

This indicator is set ON whenever the output 
of bit 0 of the main bina-y adder has value 1 
for binary or shifting operations or the sign 
character of the result of a decimal 
operation is the negative sign character; 
otherwise* it is set OFF, 

This indicator is set 0^ for any of the 
following conditions* otherwise* it is set 
OFF. 

(1) If a bit propagates leftward out of bit 
0 of the main binary adder for any 
binary or shifting operation. 



(2) If Ivaluell =< !value2! for a 
numeric compar ision operation. 



decimal 



(3) If charl =< charZ for a 
alphanumeric compare operation, 



deci mat 



Overt I oh 



Exponent Overflow 



This indicator is set ON if the arithmetic 
range of a register is exceeded in a fixed 
point binary operation or if the target 
string of a decimal numeric operation is too 
small to hold the integer part of the result. 
It remains ON until reset by the Transfer on 
Overflow (TOV) instruction or is reset by 
some other instruction that loads the IR. 
The event that sets tnis indicator ON may 
also cause an Overflow Fajit. ISee Overflow 
MasK indicator below.) 

This indicator is set ON if the exponent of 
the result of a floating point binary or 
decimal numeric operation is greater than 
♦127. It remains ON jntil reset by the 



Transfer on Exponent Overflow CTEO) 
instruction or is reset by some other 
instruction that loads tne IR. The event 
that sets this indicator DN may also cause an 
Overflow Fault. (See Ove-flow MasK indicator 
be I ow. ) 

f Exponent Underflow This indicator is set ON if the exponent of 

the result of a floating point binary or 
decimal numeric operation is less than -128. 
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&£* L Iodic. aian-bUaa. 



Actioa 



It remains ON until reset by the Transfer on 
Exponent Underflow (TEU) instruction or is 
reset by some other instruction that loads 
the IR. The event that sets this indicator 
ON may also cause an Dverflow Fault. (See 
Overflow MasK indicator below.) 



g Overflow Mask 



This indicator is set ON or OFF only by the 
instructions that load tie IR. When set ON, 
it inhibits the generation of the fault for 
those events that normally cause an Overflow 
Fault. If the Overflow MasK indicator is set 
OFF after ocurrence of an Overflow event* an 
Overflow Fault will not occur even though the 
indicator for that event is still set ON. 
The state of the Overflow MasK indicator does 
not affect the setting, testing* or storing 
of any other indicator. 



h Tally Runout 



This indicator is set OFF at initialization 
of any tallying operation* that is* any 
repeat instruction or any Indirect Then Tally 
Address Modification. It is then set ON for 
any of the following conditions! 



(1) Iff a repeat instruction 
because of tally exhaust. 



ter mina tes 



(2) Iff a Repeat Link (RPL) instruction 
terminates because of a zero link 
address. 

(3) If a tally exhaust is detected for an 
Indirect Then Tally modifier. The 
instruction will be executed whether or 
not tally exhaust occurs. 



i Parity Error 



This indicator is set ON whenever the main 
store signals Illegal Actor with a parity 
error code or the Processor detects an 
internal parity error condition. The 
indicator is set OFF only by instructions 
that I oad the IR. 



1 Parity Mask 



This indicator is set ON or OFF only by the 



instructions that load 
set ON, it inhibits the 
Parity Fault for all 
Parity Error indicator, 
indicator is set OFF after the ocurrence of a 
Parity Error event, a Parity Fault will not 
occur even though the Parity Error indicator 



the IR. When it is 
generation of the 
events that set the 
If the Parity Mask 



may still be set ON. The state of the Parity 
Mask indicator does not affect the loading, 
testing, or storing of an/ other indicator, 
generated from previously set parity error 
indicators* The status of the parity mask 
indicator does not affect the setting, 
testing, or storing of the parity error 
indicator. 
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k£x L Indicator (jams 
k x Not BAR Mode 



Truncat ion 



Mid Instruction 
Interrupt Fault 



Act log 

This indicator is set OFF only by execution 
of the Transfer and Set Slave (TSS) 
instruction that places tne Processor in BAR 
Mode. It is set ON (taking the Processor out 
of BAR Mode) by the execution of any transfer 
class instruction oth er then TSS during a 
Fault or Interrupt Trap. However, if the 
Fault or Interrupt Trap occurs while in 9AR 
Mode, and the transfer class instruction is 
Return (RET), Return Control Double (RTCD), 
or Restore Control Unit RCU) and bit 28 of 
the saved IR data is 0, the Processor Hit I 
remain in BAR Mode* 

This indicator is set ON whenever the target 
string of a decimal numeric operation is too 
small to hold all the fraction digits of the 
result or the target string of an 
alphanumeric operation is too small to hold 
all the bits or characters to be stored. 
Also see the Overflow indicator condition for 
decimal numeric ©Derations. The event that 
sets this indicator ON may also cause an 
Overflow Fault. (See Overflow Mask indicator 
above. ) 

This indicator is set ON whenever the current 
instruction is interrupted by an external 
event. The indicator has meaning only when 
determining the proper restart resquence for 
the interrupted instruction. The indicator 
is set OFF at normal termination of every 
instruction. The events that set this 
indicator are* 



(1) An Access Violation r aul t during Address 
Preparation for any operand. 

(2) Detection of the arrival of a Program 
Interrupt signal during execution of 
those EIS instructions that allow very 
I ong operand strings. 



n x Absolute Mode 



This indicator is set ON only 
absolute (non-appended) 
instruction during a Fault or 
and is set OFF by any e 
appended transfer class 
However, if the Processo* is 
Mode when the Fault or Interr 
the transfer class instruc 
(RET), Return Control 3oub 



by execution an 
transfer class 

Interrupt Trap 
xecution of an 
i nstr uc ti on. 

not in Absol ute 
upt occurs and 
tion is Return 
le (RTCD), or 



Restore Control Unit (RCU) and the 
appropriate mode bit is properly set in the 
IR data, the Processor will remain in its 
current mode. 
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ftAS-E— AQQRESS.. REGISTER— LBftR). 
EflCJiat* - IB bits 



BASE 



0 0 

-8__2. 
I 
J 

_1_ 



BOUNO 



1 1 

-i_a 

i 

Ixxxxxxxxxxx 

_i 



3 

£_ 

I 

X X X X X x xl 

L 



18 



Figure <»-8 Base Address Register (BAR) Format 



fljescr iDtioni 



An 18 bit physical register in the Control Unit. The data is pictured in 

its normal operand position as stored by the Store Base Address Register 

(SBAR) instruction. Bits pictured as M x M are "don't care" bits and are 
irrelevant to the register or its use. 



Function' 



The Base Address Register provides automatic hardware address relocation 
and address range limitation when the Processor is in BAR Mode. 



BAR. BASE 



Contains the high-order nine bits of an 18-bit address 
relocation constant. The low order bits a~e generated 
as zeros. 



BAR. BOUND 



Contains the unrelocated address limit stated as a 
number of 512 word blocks. An attempt to access main 
store beyond this limit causes a Store Fault* Out of 
Bounds. 



TIMER RESISIER (TR) 



E or mat» - 27 bits 



2 2 



Timer Value 



I I 

lXK XXXXXXXl 

J L 



27 



Figure «*-9 Timer Register (TR) Format 
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A 27 bit setable, free running clock in the Control Unit. The value 
decrements at a rate of 512 KHz. Its range is 1.953125 microseconds to 
approximately *».37 minutes. Bits pictured as "x" are "don't care" bits and 
are irrelevant to the register and its use. 



EuucLLflfit 



The TR may be loaded with any convenient value with the privileged Load 
Timer (LDT) instruction. When the value next passes th-ough zero, a Timer 
Runout Fault Mill be signalled. If the Processor is in Normal or BAR Mode 
with Program Interrupts not inhibited, the Fault will occur immediately. 
If the Processor is in Absolute or Privileged Mode or has Program 
Interrupts inhibited, the Fault will be delayed until t*>e Processor returns 
to uninhibited Normal or BAR Mode. 



RING— ALARM REGISTER <BALR1 



F ormat! - 3 bits 



0 3 3 3 

_fl 2_3_ 5_ 

I I 1 

l\xxxxxxxxxxxxxxxxxxxxxxxxxxx>cxxxxJ RALRI 

J 1 L 

33 3 



Figure «f-10 Ring Alarm Register {RALR) Format 



A 3 bit physical register in the Appending Unit. The bits pictured as "x" 
are "don't care" bits and are irrelevant to the register or its use. The 
bits may have meaning with regard to other data structures. 



F unction! 



If the Effective Ring Number (See TPR.TRR below) is greater than the 

contents of RALR an Access Violation, Ring Alarm, FajJt will occur. The 

Multics supervisor uses this mechanism to assure the proper handling of 

User Ring events (such as QUlTs) that occur while executing in the 
supervisor. . 
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EfllttTER REGISTERS (PRol 



EfiCJLal* - *»2 bits each 



Even Word of ITS Pointer Pair 



0 0 



1 1 



: t 

I RNR t 
J L 



SNR 



I i 

lOOODOOOQQOOQxxxxxxl 
J L 



15 



18 



Odd Word of ITS Pointer Pair 



WORONO 



1112 2 



2 2 



2 2 

& z 



10 0 OS (ITS.BITN3) 1 

. jo 0 o 

1 a «■ 3ITNO 10 D 111 



X X X X X xl 

L 



18 



(3) 



(6) 
3 



Figure Pointer Register (PRn) Format 



Eight logical combinations of physical registers trom the Appending Unit 
and Control Unit numbered 0 through 7. PRn. RNR and PRn. SNR are located in 
the Appending Unit and PRn.WORDNO, PRn. CHAR, and PRn.BITNO are located in 
the Decimal Unit. Bits pictured as "x" are "don't care" bits and are 
irrelevant to the register and its use. Bits pictured as "0" are reserved 
and must have value 0. The format above shows the data from the register 
when stored in ITS Pointer Pair format. The "x" bits da have meaning in 
the ITS Pointer Pair format. Certain of the register data may also be 
stored in Packed Pointer format. 



The reader's attention is directed to the double definition of bits 
of the Odd Word and to the Note under the discussion of PRn. CHAR. 



21-26 



EuncNop.' 



The Pointer Registers hold information relative to the location in main 
store of "external" data items, that is, data items external to the segment 



containing the procedure being executed. The functions of the individual 
constituent registers are« 



Key Efiaistec 

PRn. RNR 



Eunctiap 

The ging dumber Register contains tie maximjm privilege 
level (smallest ring number) that -nay be assigned to a 
process attempting to access the data item described by 
the Pointer Register. For example, if PRn. RNR is 
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&£x BsaJLslfiC 



Euncliaa 



greater (less privileged) than the current val idation 
level of the process (as contained in PPR.PRR described 
below) then the Effective Ring Number for the access is 
PRn.RN*. The value of PRn.RNR is determined from 
directory entry information for the segment when the 
pointer data is constructed. 

The Segment ftumoer Register contains the segment number 
of the segment containing the data item described by 
the Pointer Register. The segment number is determined 
when the Segment Descriptor Word (SOW) is constricted 
from directory entry information fo~ the segment* 

The Word Number register contains tie offset in machine 
words from the base or origin of tie segment to the 
data item. The value is determined when the pointer 
data is constructed from the data item description in 
the procedure. 

The Character register contains the number of the 9-bit 
character within the machine word at PRn.WORONO 
containing the data item. The value is determined when 
the pointer data is constructed from the data item 
description in the procedure. Word boundary aligned 
data items will always have the value 0. Unaligned 
data items may have any value. 

NOTES The reader's attention is directed to the double 
definition of bits 18-26 of the Odd Word in the format 
above. Because the Multics Processor was impelemented 
as an enhancement to an exising design, certain 
apparent anomolies appear. One of these is the 
difference in the handling of unaligned data items by 
the Appending Unit and Decimal Unit. The preexisting 
Decimal Unit handles all unaligned data items with a 
9-bit character number plus bit offset with conversion 
from the description given in the EIS Operand 
Descriptor done automatically by the hardware. The 
Appending Unit maintains compatibility with the earlier 
generation Multics Processor oy handling all unaligned 
data items with a bit offset from the prior word 
boundary; again with any necessary conversion done 
automatically by the hardware. Thus. a Pointer 
Register may be loaded from an ITS Pointer Pair having 
a pure bit offset and modified by one of the EIS 
Address Register instructions (AfcBO, S9BD. etc.) using 
character displacement counts. When the results of 
such a modification are stored as an ITS Pointer Pair 
with SPRIq (Or as a Packed Pointer with SPRPq) « the 
BITNO field as indicated in the upper line of the 
format (bits 21-26) will contain a pure bit count. 
When the results are stored as an Address Register with/ 



SARq the CHAR and BITNO fields as indicated in the 
loner line of the fomat (bits 18-23) will contain the 
character number plus bit offset. 

WARNING* The Decimal Unit has builtin hardware checks for 
illegal bit offset values but the Appending Unit does 
not except for a single case for packed pointers. See 
NOTES for Load Packed Pointers (L?RPq) in Section II, 
Machine Instuctions. 



PRn.SNR 



PRn.WORDNO 



a PRn.CHAR 
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PRn.BITNO 



The Bit Number register contains the number of the bit 
within PRn.CHAR of the word at P*n.W0RDN0 containing 
the data item. The value is determined when the 
pointer data is constrjcted f-om the data item 
description in the procedure. Word and character 
boundary aligned data items will always hav/e the value 
0. Unaligned data items may have any value in the 
range CO, 10) octal. See NOTE under PRn.CHAR above. 



PROCE DU RE P L 



LlS_IELR_iEE81 



F ormat : - 37 bits 



Word 0 of Control Unit Data 



0 0 0 



111 



1 3 
t PRR I 
J L 



PSR 



I 1 1 
JPIx xxxxxxxxxxxxxxxxl 



15 1 



17 



Word V of Control Unit Data 



IC 



1 1 
7 8 



1 I 

Ixxxxxxxxxxx xxxxxxxl 
_L I 



13 



18 



Figure **-12 Procedure Pointer Register (PPR) Format 



A logical combination of physical registers from the Appending Unit and the 
Control Unit. PPR. PRR, PPR. PSR, and PPR.P are located in the Appending 
Unit and PRR.IC is located in the Control Unit. The data is pictured as it 
appears in main store in Words 0 and t* of Control Unit Data. Bits pictured 
as "x" are "don't care" bits and are irrelevant to the register or its use. 
The bits d& have meaning with regard to Control Unit Data. (See Control 
Uni t Data below. ) 



E.unctiQDX 



The Procedure Pointer Register holds information relative to the location 

in main store of the procedure segment in execution and the location of the 

current instruction within that segment. The functions of the individual 
constituent registers are: 
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Functio n 



PPR.PRR The £rocedure Sing Register contains the number of the 

ring (validation level) in which tne process is 
executing. It is set to the Effective Ring Number of 
the procedure segment when contral is transferred to 
the procedure. 

PPR.PSR The grocedure Segment Register contains the segment 

number of the procedure being executed. Its value 
changes every time control is transferred to a new 
procedure* 

PPR.P The Privileged bit register is a flag controlling 

execution of privileged instructions. Its value is 
**l M b (permitting privileged instructions) is PPR.PRR is 
0 and the privileged bit in the Segnent Descriptor kord 
(SDW.P) for the procedure is "Tb. Its value is "0 M b 
if SDW.P is 0 or PPR.PRR is greate- than 0. Its value 
is set ever/ time a new procedure is entered. 

PPR.IC The Instruction Counter register contains the *ord 

offset from the origin of the procedure segment to the 
current instruction. 
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T EMPORARY P OI NTER R EG ISTER ITPRI 



Eormat.i - <»2 bits 



Word 2 of Control Unit Oata 



0 0 0 

Q Q , 0 . 



1 t 

1 TRR I 

J __L 



TSR 



1 1 



l I 
Ixxxxxxxxxxxxxxxxxxl 
J L 



15 



18 



Word 3 of Control Unit Oata 



2 3 3 
5_ 



I II 
Ixxxxxxxxxxxxxxxxxxxxxxxxxxxxxxl TBR 1 
J J L 



Word 5 of Control Unit Oata 



30 



1 1 



CA 



1 

Ix 



XXXXXXXXXXXXXX XX 



I 

xl 

_1 



18 



18 



Figure *»-13 Temporary Pointer Register (TPR) c or»at 



ngscriPTlon* 



A logical combination of physical registers from the Apaending Unit and the 
Control Unit. TPR. TRR, TPR.TSR, and TPR. TBR are located in the Appending 
Unit and TPR.CA is located in the Control Unit. The data is pictured as it 
appears in main store in Words 2, 3* and 5 of Control Unit Oata. Bits 
pictured as *"x" are "don"t care" bits and are irrelevant to the register or 
its use. The bits d_a have meaning with regard to Control Unit Oata. (See 
Control Unit Data below.) 



EuDCtiQQj. 



The Temporary Pointer Register holds information relative to the location 
in main store of indirect words and pointers (during address preparation) 
and operands (during instruction execution). At the completion of address 
preparation the contents of the TPR is presented to the Appending Unit 
Associative Memory Assemblies for translation into tne final 2^-bit main 
store address. The functions of the individual constitjent registers are: 
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Ksai s.ten Eunctiao 



TPR. TRR The Iemporary Sing Register contains the Effective Ring 

Number for the data access* If the access is to the 
procedure segment, TPR. TRR is set to PPR.PRR; if the 
access invokes a Pointer Registe-, TPR. TRR is set to 
the larger of PRn. RNR and PPR.PRR. 

TPR.TSR The Iemporary Segment Register contains the segment 

number of the segment to be accessed. 

TPR.TBR The lemoorary ait Register holds tne bit offset for 

indirect words or pointers (during address preparation) 
or operands (during instruction execution). Its value 
is calculated during address preparation from the 
contents of PRn. CHAR and PRn. 3ITN0 and other 
information provided by the Address Modification 
specified for the instruction. See PRn. CHAR and 
PRn.BITNO above for further detail. 

TPR.CA The Computed Address register contains the word offset 

of indirect words or pointers (during adddress 
preparation) or operands (djring instruction 
execution)* 



D FSCRIPTOR S EGMENT BASE REGISTER (DS3R.D3R) 



Format* - 51 bits 



Even Word of Y-pair 



ADDR 



Odd Word of Y-pair 



2 2 
JL.it. 



10000000000001 
J L 



12 



00 1111222 3 

0 1 k_5 a_2_JQ 3L* i_ 

11 Jill 1 

101 BND 10 0 0 01UI0 0 0 01 STACK I 

i i ; . i l_j l i 

1 !«♦ ■ <♦ 1 k 12 



Figure Descriptor Segment Base Register ( DSBR, 3 BR) Format 



QgacriPtionl 



A logical combination of various Appending Unit registers. The data is 
pictured in the format expected by the Load Descriptor 3ase Register (L08R) 
and Store Descriptor Base Register ( SDOR) instructions. Bits pictured as 



REVIEW DRAFT 
SUBJECT TO CHANGE 
October, 1975 



<#-16 



AL39 



are reserved and must have the value 0* 



F unctio n! 



The Descriptor Segment Base Register contains information concerning the 
Descriptor Segment for a process. The Descriptor Segment holds the Segment 
Descriptor Words (SDWs) for all segments accessible by the process* The 
functions of its individual constituent registers are. 



££3isten EunctiQQ 

DSBR.AODR The interpretation of the ADD Rress -egister depends 

the value of DSBR.U* 



DSBR.BND 

OSBR.U 
DSBR. STACK 



on 



For DS3R. A[ 

U=0 The 2**-bit main store address of 
for the Descriptor Segment* 



the Page Table 



U=l The 2^-bit main store address 
Segment* 



of the Descriptor 



The floublfl. register contains 1*» most significant bits of 
*he highest 16 word block of the Descriptor Segment 
that can be addressed without causing an Access 
Violation* 

The 12 register is a flag specifying whether the 
descriptor segment is unpaged (U = 1) or paged (U = 0)* 

The STACK register contains the upper 12 bits of the 
15-bit stack base segment number. It is used only 
during the execution of the CALL6 instruction. (The 
Segment Number of the Stack Segment for a running 
process is given by 3 * DSBR.STACK «■ PPR.PRR.) 
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F ormat j - 85 bits each 



Even Word of Y-pairs as stored by Store Segment Descriptor Registers (SSOR) 



ADOR 



2 2 22 23 3 3 3 

_3_d. &_z a_u 2_2 5_ 

i ] I I I 

I Rl t ?2 ! R3 10 0 01 

_J I \ 2 L 



2d 



Odd Word of Y-pairs as stored by Store Segment Descriptor Registers (SSDR) 



3 3 



555555555 
JLJL-2 3 k 5 o 7 , 8 



1 I 
101 
1_L 



BOUND 



I ] i J ! ! J J 
1RIE I WiP 1U IG1C1 
-L-l I I 1 I t I 



CL 



Id 1111111 



Id 



Data as stored by Store Segment Descriptor Pointers (SSOPI 



1 1 



2 2 2 

6 7 a. 



3 3 



POINTER 



1 111! 

:o oooooooooo oifso o o oi use j 
J I — L L L 



15 



12 1 



Figure d-15 Segment Descriptor Word Associative Memory (SDWAM) Format 



Sixteen logical combinations of registers and flags from the Appending unit 
comprising the Segment Descriptor Word Associative Memory Assembly. The 
registers are numbered from 0 through 15 but are not directly addressable 
by number. Bits pictured as "0" are reserved and must nave the value 0. 



Euact ion? 



Hardware segmentation in the Hultics Processor is implemented by the 
Appending Unit (See Section V f Address — Segmentation and Paging for 
details). In order to permit addressing by Segment Numoer and offset as 
prepared in the Temporary Pointer Register (described above), a table 
containing the location and status of each accessible segment must be Kept. 
This table is the Descriptor Segment and is unique to the process. The 
Descriptor Segment for a running process is located by information held in 
the Descriptor Segment Base Register (DSBR) described aoove. 
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Every time an Effective Segment Number (TPR.TSR) is preoared, it is used as 
an index into the Oescriptor Segment to retrieve the Segment Descriptor 
Word (SOW) for the target segment. To reduce the lumber of main store 
references required for segment addressing* the SOWAM provides a content 
addressable store to hold the sixteen most recently referenced SDNs* 

Whenever a reference to the SOW f or a segment is reqjired, the Effective 
Segment Number (TPR.TSR) is matched assoc iat ive ly against all 16 
SOWAM. POINTER registers (described below). If the SOWAM match logic 
circuitry indicates a "hit", all usage counts (SDWAM.USE) greater than the 
usage count of the "hit" register are decremented by one» the usage count 
of the "hit" register is set to 15, and the contents of the "hit** register 
are read out into the address preparation circuitry as necesary. If the 
SOWAM match logic does not indicate a "hit", the SON is fetched from main 
store and loaded into- the SDWAM register with usage count 0 (the "oldest"), 
all usage counts are decremented by one with the newly loaded register 
rolling over from 0 to 15, and the newly loaded registe- is read out into 
the address preparation circuitry as necessary. Faulted SDWs are loaded 
into the SDWAM. 

The functions of the constituent registers and flags of each SOWAM register 
aret 

Eealslex Eunctian 

SDWAM. ADDR The interpretation of the AJJQRress -egister depends on 

the value of SOW AM. U. 



EPX SDWAM -ADDR c ontains 



U=0 The 2*»-bit main store address of 
for the target segment. 



the Page Table 



U=l The 2^-bit 
segment. 



main store address of the target 



SDWAM. Rl 
SDWAM. R2 
SDWAM. R3 
SDWAM. BOUND 



Upper limit of read/write Ring Bracket. (See Section 
VIII* Hardware Ring Implementation) 

Upper limit of read/execute Ring Bracket. (See Section 
VIII, Hardware Ring Implementation) 



Upper limit of call Ring Bracket. 
Hardware Ring Implementation) 



(See Section VIII, 



The upper limit of segment addresses stated as a number 
of 16 word blocks. A segment address (TPR.CA) with a 
block address larger than this, value will cause an 
Access Violation, Out of Segment Bojnds, Fault. 



SDWAM. R 



Read permission bit. If this bit 
access requests may be honored. 



is set ON, read 



SDWAM. E 



Execute permission bit. It this bit is set ON, the SDW 
may be loaded into the Procedure Pointer Register (PPR) 
and control transfered to the segment for exectuion. 



SDWAM. W 
SDWAM. P 



Write permission bit. If this bit 
access requests may be honored. 



is set ON, write 



Privileged flag bit. If this bit is set ON, privileged 
instructions from the segment may be executed if 
PPR.P'IR is 0. 
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SDWAM.U 



Unpaged flag bit. If this bit is sat ON, the segment 
is unpaged and SDWAM. ADDR is tie 2^-bit main store 
address of the base of the segment. If this bit is set 
OFF, the segment is paged and SDWAM.ADOR is the 2<*-bit 
address the array of Page Table Words (PTWs) for the 
segment. 



SDWAM.G 



£ate control bit. If this bit is sat ON, calls into 
the segment must be to an offset no greater than the 
value of SQWAM.CL as described belOM. 



SOWAM.C 



Cache control bit. If this bit is set ON, data 
the segment may be placed in the cache store. 



from 



SDWAM.CL 



SDWAM. POINTER 



tail Loiter value. If the segment is gated (SDWAM.G 
set ON), transfers of control into the segment must be 
to segment addresses no greater that this value. 



The Effective Segment Number used 
from main store. 



to fetch this SOW 



SDWAM. F 



Full/empty bit. If this bit is set ON, the SOW in the 
register is valid. If this bit is set OFF, a "hit" is 
not possible. All SDWAM. F bits are set OFF by the 
instructions that clear the SDWAM. 



SDWAM. USE 



ilSagf. count for the register. The SDWAM. USE field is 
used to maintain a strict FIFO queue order among the 
SOWs. When an SOW is matched its USE value is set to 
15 ("newest") and the queue is reordered. SDWs newly 
fetched from main store replace the SOW with USE value 
0 {"oldest") and the queue is reordered. SDWAM.USE is 
set the internal (and invisible) SDWAM register number 
by instructions that clear the SDWA1. 
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WORD ftS3TJCl&11VE HEttQRf i fcm& tt* 



EJ2CHL31I - 51 bits each 



Data as stored by Store Page Table Registers (SPTR) 



1 1 



2 2 3 

.1 9,0, 



AOOR 



t lit 
10 0 0 0 DO 0 0 0 0 0IHI0 00 0 0 01 

J J I L 



18 



11 1 



Oata as stored by Store Page Table Pointers (SPTP1 



1 1 

A_5_ 



POINTER 



PAGENO 



2 2 2 

& 7 1. 



3 3 
1 2 



IF 1 0 0 0 01 USE 1 
JL_L I L 



15 



12 1 



Figure i»-16 Page Table Word Associative Memory (PTrfAM) Format 



Sixteen logical combinations of registers and flags from the Appending Unit 
comprising the Page Table Word Associative Memory Assembly. The registers 
are numbered from 0 through 15 but are not directly addressable by number. 
Bits pictured aS "0" are reserved and must have the valje 0. 



Eunction? 



Hardware paging in the Muttics Processor is implemented by the Appending 
Unit CSee Section V« Address — Segmentation and Paging for details). In 
order to permit segment addressing oy Page Number and page offset as 
derived from the Effective Address prepared in the Temporary Pointer 
Register (TPR.CA described above) t a table containing the location and 
status of each page of an accessible segment must be keot. This table is 
the Page Table Word Array (PTWA) for the segment that is located in the 
System Segment Table (SST) (a supervisory ring 0 data base) and is sharable 
by all processes. The PTWA for an accessible paged segment is located by 
information held in the Segment Descriptor Word (SOW) for the segment. 



Every time an Effective Address (TPR.CA) for a paged segment is prepared* 
it is separated into a Page Number and a page offset. The Page Number is 
used as an index into the P3ge Table Word Array to retrieve the Page Table 
Word (PTW) for the target page. To reduce the number of main store 
references required for paging, the PTWAM provides a content addressable 
store to hold the sixteen most recently referenced PTWs. 

Whenever a reference to the PTW for a page of a paged segment is required* 
the Page Number (as derived from TPR.CA) is matched assoc i at i ve I y against 
all lb PT WA:1. PAGE rjQ registers (described below) aidi simultaneously. 
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TPR.TSR is matched against PTWAM. POINTER (described below). If the PTWAH 
match logic circuitry indicates a "hit*** all usage counts (PTWAM. USE) 
greater than the usage count of the "hit" register are decremented by one* 
the usage count of the "nit" register is set to 15, and the contents of the 
"hit" register are read out into the address preparation circuitry as 
necesary. If the PTWAM match logic does not indicate a "hit", the PTW is 
fetched from main store and loaded into the PTWAM register with usage count 
0 {the "oldest"), all usage counts are decremented by one with the newly 
loaded register rolling over from 0 to 15» and the newly loaded register is 
read out into the address preparation circuitry as necessary. Faulted FTWs 
are not loaded into the PTWAM. 

The functions of the constituent registers and flags of each PTWAM register 
aret 

flfcai stec tunctio-Q 

PTWAM. ADOR The AJ222ess register holds the 18 most significant bits 

of the 2*»-bit main store address of the page. The 
hardware ignores low order bits of the page address 
according to page size based on the following ... 



Page Size 
in words 
6«* 
125 
256 
512 
1024 
20<»8 
W096 



AODR 3 its 
i gnored 
none 
17 
16-17 
15-17 
1«»-17 
13-17 
12-17 



PTWAM. M 



Page Modified flag bit. This bit is set ON whenever 
the PTW is used for a store type instruction. When the 
bit changes value from 0 to 1, a special extra cycle is 
generated to write it back into the PTW in the PTWA. 



PTWAM. POINTER 



The Effective Segment Number used 
from main store. 



to fetch this PTW 



PTWAM. PAGENO The 12 most significant bits of the 18-bit Effective 
Address (TPR.CA) used to fetch this PTW from main 
store. Low order bits are forced to zero by the 
hardware and not used as part of the PTWA inoex 
according to page size based on the following ... 



Page Size 
in words 
bk 
128 
256 
512 
10 2«» 



PAGEND bits 
forced 
none 
11 
10-11 
09-11 
08-11 



20t»8 
<*096 



07-11 
06-11 



PTWAM. F 



F_ul l/empty bit. If This bit is set ON, the PTW in the 
register is valid. If this bit is set OFF, a "hit" is 
not possiDle. All PTWAM. F Dits are set OFF by the 
instructions that clear the PTWAM. 



PTWAM. USE USagE. count for the rejister. The =>TWAM.USE field is 

used to maintain a strict FIFO qjeue order among the 
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Rfcai stec 



Eynctiaa 



PTWs. When an PTW is matched its USE value is set to 
15 ("newest") and the queue is reordered. PTWs newly 
fetched from main store replace the PTW wit»> USE value 
0 ("oldest") and the queue is reordered. PTWAM.USE is 
set the internal (and invisible) PTWAM register number 
by instructions that clear the PTWA1. 




ILS 



F ormat : - 35 bits 

Oata as stored by Store Central Processor Register CSCPR)* TAG = 01* 
instruction 



A logical combination of flags and registers all located in the Control 
Unit. The register is stored aad c l eared by the SC 3 R Itag 01) command. 
Note that the data is stored into the w ord pai r at location Y and that the 
contents of Y*l are c I eare d* The Fault Register cannot be loaded. 



The Fault Register contains the conditions in the Processor for several of 
the hardware faults. Data is strobed into the Fault Register during a 
fault sequence. Once a bit or field in the Fault Register has been sett it 
remains set until the register is cleared. The data will not be 
overwritten during subsequent fault events. 

The reader's attention is directed to another apparent anomoly in the 
design of the Multics Processor as an enhancement to an existing design. 
It will be noted that the Fault Register records events from only ports A 
through 0. These four ports are the limit of connectabi I ity of the 



existing design and* since all eight ports are reported in Control Unit 
Data (described below)* no change was made in the Fajlt Register for the 
added ports. Data reported for ports A through D are valid in both 
I oca t ions. 

The functions of the constituent flags and registers are* 
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00000000001111111 12 22 2 2 33333 




Figure *»-17 Fault Register Format 



Q. 




Function! 



Jlsy Register 

a ILL OP 

b ILL HOO 

c ILL SLV 

d ILL PROC 

e NEM 
f OOB 
g WRT INH 

h PROC PARU 

i PROC PARL 

] SCON A 

k SCON 8 

1 SCON C 

m SCON 0 

n OA ERRi 

O OA ERR2 

IAA 
IAB 

IAC 
IAD 
p CPAR DIR 

q CPAR STR 

r CPAR IA 



Dinctiao 

An illegal operation code has been detected. 

An illegal Address Modifier has beet detected. 

An illegal BAR Mode procedure has been encountered. 

An illegal procedure other than 3AR Mode has been 
encountered. 

A nonexistant main store address has been requested. 

A BAR Mode ooundary violation has occured. 

An illegal decimal digit has beet detected by the 
Decimal Unit. (Flag name is obsolete! 

A parity error has been detected in the upper 36 bits 
of data. 

A parity error has dtected in the lower 36 bits of 
data. 

A SCONNECT signal has been received through port A. 

A SCONNECT signal has been received through port B. 

A SCONNECT signal has been received through port C. 

A SCONNECT signal has been received through port 0. 

CPU/SCU interface sequence error 1 has been detected. 
( SOATA-AVAIL received with no prior SINTERRUPT sent.) 

CPU/SCU interface sequence error 2 las been detected. 
(Multiple SOATA-AVAIL received or JDATA-AVAIL received 
out of order.) 

Coded Zl legal Action* Port A. (See Table i»-2 below) 

Coded Illegal Action* Port B. (See Table k-2 below) 

Coded Illegal Action, Port C. (See Table i»-2 below) 

Coded Illegal Action, Port 0. (See Table *»-2 below) 

A parity error has been detected in the cache store 
directory. 

A data parity error has been detected in the cache 
store. 

An Illegal Action has been received from an SCU during 



a store operation* 

s CPAR BLK A cache parity error has occured dying a cache store 

data block load. 
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Table «»-2 System Controller Illegal Action Codes 



Processor 



Code 


Priority 


Paul t 


Reason 


00 






No ill ega 1 act ion 


01 




CMQ 


Unassigned 


02 


5 


STR 


Nonexistent address 


03 


1 


CMD 


Stop on condition 


OU 




CMO 


Unass i gned 


05 


12 


PAR 


Data parity, store to S-U 


06 


11 


PAR 


Data parity in store 


07 


10 


PAR 


Oata parity in store and store 


10 


t* 


CMO 


Not control 


11 


13 


CMO 


Port not enaDled 


12 


3 


CMD 


Illegal command 


13 


7 


STR 


Store not ready 


l«i 


2 


PAR 


2AC parity, CPU to SCU 


15 


6 


PAR 


Data parity, CPU to SCU 


16 


8 


PAR 


ZAC parity, SCU to store 


17 


9 


PAR 


Oata parity, SCU to store 



Format? - 33 bits 



Even word of Y-pair as stored by Store Central Processor Register (SCPR), TAG 
= 06* instruction 



FFV 



1111112222222222333333 

u n n o w n uz n? 

I 1 1 1 OPCODE 5 I 1 5 I I II 

10 ialbl ii 1 1 } K 1 1 JmlO 0 Inl 

J-l I let die HI q 1 a LB Pl-i-l.i 1-1 L_L 

15 111 10 11111 21 

1111 2 2 2 



Figure U-18 Mode Register (MR) Format 



Qgscriptionl 



A logical assemblage of tlags and registers from the Control Unit. The 



Mode Register and the Cache Mode Register are both stored into the Y-oair 
by tne SCPR, TAG = 06, instruction. The Mode Registe- is loaded with the 
Load Central Processor Register (LCPR), Tag = 0k instruction. Bits 
pictured as "Q" are reserved and must have the value 0. 



The functions of the constituent flags and registers are: 
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K&i. Sgalslac 



Function 



FFV 



a OC TRAP 



A "floating fault vector" address. The 15 most 
significant bits of the Y-blocKS address of four word 
pairs constituting a "floating fault vector". Traps to 
these floating faults are generated by other conditions 
setable by the mode register. 

Trap on OPCODE match. If this bit is set ON and OPCOOE 
matches the operation code of the instruction for which 
an address is being prepared (including indirect 
cycles), generate the second floating fault (XED 
FFV+2). (See NOTE below) 



b ADR TRAP 



Trap on ADDRESS match. If this bit is set ON and the 
Computed Address (TPR.CA) matches the setting of the 
Address Switches on the Processor Maintenence panel* 
generate the fourth floating fault (XED FFV+6). (See 
NOTE below) 



OPCODE 



The operation code on which to trap if OC TRAP (bit 16, 
key a) is set ON or for which to strobe all CU cycles 
into the CU History Registers if O.CSfc (bit 29, key J> 
is set ON 



ac 

Processor conditions codes as follows if OC TRAP (bit 
16, key a) and 0. C$4 (bit 29, key )) are set OFF and t 
VOLTAGE (bit 32, key m) is set ON. 



Hejt Condition 
c Set Control Unit Overlap Inhibit if set ON. The 
Control Unit shall wait for the operations Unit to 
complete execution of the even instruction of the 
current instruction pair before it begins address 
preparation for the associated odd instruction. 
The Control Unit shall also wait for the 
Operations Unit to complete execution of the odd 
instruction before it fetches the next instruction 
pair. 

d Set Store Overlap Inhibit if sat ON. The Control 
Unit shall wait for completion of a current main 
store fetch (read cycles only) before requesting a 
main store access for another fetch. 

e Set Store Incorrect Data Parity if set ON. The 
Control Unit shall cause incorrect data parity to 
be sent to the SCU for the next data store 
instruction and then snail reset bit 20. 

f Set Store Incorrect ZAC Parity if Set ON. The 



Control Unit shall cause incorrect 

Zone-Address- Command (ZAC) parity to be sent to 
tne SCU for eacn main store cycle of the next data 
store instruction and shall reset bit 21 at the 
end of the instruction. 



Set Timing Margins if set ON. If t VOLT (bit 32, 
key m) is set ON and the Margin Control switch on 
the Processor Maintenance panel is in PROG 
position, set Processor timing margins as follows. 
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hey R&alsXec. 



EunctiflQ 



Kfix. £00411 Ian 



0, 0 
0* 1 
1,0 

lti 



norma I 
slow 

normal 
fast 



« ] 0.CS4 



K STROBE ft 



I FAULT RESET 



m ft VOLT 



n MR ENABLE 



h Set + 5 Voltage Margins if set ON. If ft VOLT (bit 
32, key m) is set ON and the Margin Control switch 
on the Processor Maintenance oanel is in the PROG 
position, set +5 voltage margins as follows. 



Trap on Control Unit History Register count overflow if 
set ON. If this bit and STROBE ft (ait 30, Key k) are 
set ON and the Control Unit History Register counter 
overflows, generate the third floating fault (XEO 
FFV + if). Further, if FAULT RESET (bit 31, key I) is 
set, reset STROBE 4 (bit 30, He/ k), locking the 
history registers. An LCPR, TA3 = 0<», instruction 
setting bit 28 ON will reset the Control Unit History 
Register counter to zero. (See NOTE below) 

Strobe Control Unit History Registers on OPCODE match. 
If this bit and STROBE ft (bit 30, key k) are set ON and 
the operation code of the current instruction matches 
0PC00E, strbbe the Control Unit History Registers on 
all Control Unit cycles (including indirect cycles). 

Enable history registers. If this oit is set ON, all 
history registers are strobed at aopropriate points in 
the various Processor cycles. If tnis bit is set OFF 
or MR ENABLE (bit 35, key n) is set OFF, all history 
registers are locked. This bit is set OFF with an 
LCPRi TAG = Qk* instruction providing a "zero" bit, by 
an Op Not Complete Fault, and, conditionally, by other 
faults (See FAULT RESET (bit 31, key I) below). Once 
set OFF, this bit must be set ON with an LCPR, TAG = 
0<t» instruction providing a "one" bit before the 
history registers again become active. 

History register lock control. If this bit is set ON, 
set STROBE t (bit 30, key k) OFF, locking the higtory 
registers, for all faults including the floating 
faults. (See NOTE below) 



Test mode indicator. This bit is set ON whenever the 
Test/Normal switch on the Processor Maintenance panel 
is in Test position and is set OFF otherwise. It serves 
to enable the program control of Voltage and Timing 
Margins. 

Enable mode register. When this bit is set ON, all 
other bits and controls of the mode register are 
active. When this bit is set OFF, the mode register 
controls are disabled. 



2<t.2? 
0,0 
0,1 
1,0 

1.1 



norma I 
I ow 



high 
norma I 
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NOTE t The traps described above (Address match, OPCODE match, Control Unit 

History Register counter overt Ion) occur after completion of the next 
fidd instr uc t j on following their detection. They a-e handled as Group 
VII faults in regard to servicing and inhibition. The complete Group 
VII priority sequence is... 

1 - con 

2 - tro 

3 - sdf 

V - OPCOOE trap 

5 - Control Unit History Register counte* overflow 

6 - Address match trap 

7 - External interrupts 



CJLC.tl£.HflflE_BE GISTER-1CJ1&1 



Eormat? - 28 bits 



Odd word of Y-pair as stored by Store Central Processor Register (SCPR), TAG 
= 06, instruction 



3 555555555566665 677 

_£ LI- 2 3 *t 5 6 7 9 9_Q_1.2 3 k 9 B 1 

1 I I I I I I S I I I I I 1 II 

I CACHE DIR ADDRESS la I b 1 0 I c I d I e I f I 0 1 g I hi i I J SO 0 0 0 0 0 2 k 1 

j t i i i i i {_] i ; i i i l_i 

1 15 111 111111112 62 



Figure *»-19 Cache Mode Register (CMR) Format 

Description- 



A logical assemblage of flags and registers from the control unit. The 
Mode Register and Cache Mode Register are both stored iito the Y-pair by 
the SCPR, TAG = 06, instruction. 

The Cache Mode Register data stored is address dependent. The algorithm 
used to map main store into the cache store (See Section XX, Cache Store) 
is effective for the SCPR instruction. In general, tie user may read out 
data from the directory entry for any cache block by proper selection of 
certain subfields of the final 2*»-bi t main store address. In particular, 
the user may read out the directory entry for the cache block involved in a 
suspected cache error oy assuring that tne required 2^-bit final address 
subfields are the same as those for the access which produced the suspected 
error. 



WARNING: The user is warned that the fault handling procedure(s) should be 
unencac nabl e (SDW.C = 0) and that the History Registers and cache 
should be disabled as quickly as possible in order that vital 
infomation concerning the suspected error not be last. 



The Cache Mode Register is loaded with the Load Central Procesor Register 
(LCPR), TAG = 02, instruction. Those items with an "x" in the column 
headed L are nfll loaded with the LCPR instruction. Bits pictured as 
are reserved and must have the value 0. 



REVIEW DRAFT 
SUBJECT TO CHANGE 
October, 1975 



«»-2 8 



AL39 



The functions of the constituent flags and registers arei 



x CACHE DIR 
ADDRESS 

a x PAR BIT 

b x LEV FUL 

C CSH1 ON 

d CSH2 ON 

e OPNO ON 

f INST ON 

g CSH REG 



h x STR ASO 



i x COL FUL 
] x RRO A.B 
k LUF MSB,LSB 



15 most significant bits of the olock address from 
the cache directory 

Cache directory parity error on this read out 

The selected column and level is loaded with active data 

Enable the upper 102«» words of the cache 

Enable the lower 102<t words of the cache 

Enable the cache for operands 

Enable the cache for instructions 

Enable cache-to-register (dump) node 

When this bit is set ON. double precision Operations Unit 
operands (e.g., LDAQ operands) are read from the cache 
according to the mapping algorithm and without regard to 
matching of the full final address. All other operands 
address main store as though the cache were disabled. 
This bit is reset automatically by the hardware for any 
Fault or Program Interrupt, 

Enable store aside 

When this bit is set 0N t the Processor does not wait for 
main store cycle completion after a store operation but 
proceeds after the cache cycle is complete. 

Selected cache column is full 

Cache round robin counter 

Lockup timer setting 

The Lockup Timer may set to four different values 
according to the setting of this field. 



LUF 

iaiufi 

0 

1 

2 
3 



Lockup 
lime 

2 IRS* 

k ms. 
6 ms. 
16 ms. 



The Lockup Timer is set to 16 ms. wien the Processor is 
initialized. 



CONTROL UNII ICQ) HISIflSX_B.E SISTERS 



Format j - 72 bits each 



Even word as stored by Store Central Processor Register <SCPR)» Tag = 20* 
instruct ion 
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0 000000000111111111 
0.1 23<»S678 9 0 123*5 67 6 
I I S I I I J I J I I 1 I I S 1 I J J 
laSbScJdieifJglhliSJtkilSmlnlolpSqirl 
I I I 1 1 1 1 8 I I 1 I I I 1 I t 1 8 
111111111111111111 



OPCODE 



2 2 3 
.3. 3-JL 



10 1 1 



TAG 



Odd word as 
instruction 



stored by 5t°> e Central Processor register (SCPR)t TAG = 20, 



1 1 



2 2 



2 2 
-6_Z. 



3 3 3 
3 ? 



ADDRESS 



1 1 1 I 1 I I 1 1 1 1 
CMD ] SEL Islt Jul vlwlxlylzl'l 
1 LJL-i-j_j S i 1 i I 



18 



tlllllllll 



Figure *-20 Control Unit (CU) History Register Format 



Sixteen logical combinations of flags and registers from the Control Unit, 
The sixteen registers are handled as a rotating queue controlled by the 
Control Unit History Register counter. The counter is always set to the 
number of the oldest entry and advances by one for each history register 
reference (data entry or SCPR) . True multicycle instructions (such as 
*lpri, lreg t rcu, etc.) Mill have an entry for each of tieir cycles. 



Function? 



A Control Unit History Register entry shows the conditions at the end of 
the Control Unit cycle to which it applies. Tne sixteen registers will 
hold the conditions for the last sixteen Control Unit cycles. Entries are 
made according to controls set in the Mode Register. (See Mode Register 
above) 

The meanings of the constituent flags and registers are* 



h&y_ flag Name, 
a PIA 
b POA 
c RIW 



Meanin g 

prepare instruction address 
prepare operand address 
request indirect word 



d SIW 

e POT 

f PON 

g RAW 

h SAW 



restor indirect word 

prepare operand tally (indirect tally chain) 
prepare operand notally (as for POT except no chain) 
request read-al ter-rewri te word 
restore re ad-al ter-rewri te word 
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&s* Elaa-ilame 



I 
I 


Twcn 


1 


A LIC 


n 


vrjn 


i 


Tr 


fll 


ODTC 


n 


111 


o 


AD c /r 


P 


YTD 
Air 


Q 


rLI 


f 


pa <;p 




OPCODE 




I 




P 




TAG 



AOORESS 

CMO 

SEL 
selected) 

s XEC-INT 

t INS-FETCH 

u CU-STORE 

v OU-STORE 

h CU-LOAD 

x OU-LOAD 

V DIRECT 



2 PC-BUSY 
• BUSY 



Meaning 
transfer GO (conditions met) 
execute XED from even IC 
execute XED from odd IC 

execute odd instruction of the current pair 
execute a repeat operation 
aait for instruction fetch 

1 = Computed Address (TPR.CA) has valid data 

NOT prepare Program Interrupt address 

MOT prepare Faul t address 

NOT BAR mode 

current operation code 

Program Interrupt inhibit bit 

Pointer register flag bit 

Currrent address modifier 

This modifier is replaced by the contents of the TAG 
fields of indirect words as they are fetched during 
indirect chains. 

Current Computed Address (TPR.CA) 
SCU command 

Port select bits. (Valid only if Port A through D is 

A Program Interrupt is present 
Perform an instruction fetch 
Control Unit store cycle 
Operatons Unit store cycle 
Control Unit load cycle 
Operations Unit load cycle 
direct cycle 



Port control logic not busy 
Port interface busy 
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OPERATIONS UNIT CPU) HISTORY REGISTERS 



F ormat » - 72 bits each 



Even word as stored by Store central Processor Regsiter (SCPR) , TAG = k0 9 
instruction 



0 00111111111 22 3 

_J U 0 U H 5 U 8 £i_Z £_ 

1 RP REG : 1 I I ! I I 1 I I I I 

I 101 RS REG Self IglhJi I] Ik) I In! 

J OE CQPE lal t2 LciflU£A£JLJ 13 11 111 111 

91 311 21 9111111111 

Odd word as stored by Store Central Processor Register (SCPR), TAG = <»0, 
instruction 



0000000000111 1 1 111 3 

5,6, 7.8 9.Q-1.2 .3 h s z_a i_ 

1 1 1 I 1 !_1_5_S_S_J_1_1_1_1_1 I 1 

Inlolplqlr 1 Al Ql 0 11 12 1 3 1 <♦ 15 161 7 1 0 0 01 ICT TRACKER 1 

J I 1 l 1 I 1 > 1 I 1 JLJ .III I L 

111111111111111 3 18 



Figure <»-21 Ooerations Unit (OU) History Register Format 



Description! 



Sixteen logical combinations of flags and registers from the Ooerations 
Unit and Control Unit. The sixteen registers are handled as a rotating 
queue controlled by the Operations Unit History Register counter. The 
counter is always set to the number of the oldest entry and advances by one 
for each history register reference (data entry or SCPR) • 



Function? 



An Operations Unit History Register entry shows the conditions at the end 
of the Operations Unit cycle to which it applies. The sixteen registers 
will hold the conditions for the last sixteen Ope-ations Unit cycles. 
Entries are made accorcing to controls set in the Mode Register. (See Mode 
Register above) 

The meanings of the constituent flags and registers aret 



frev Flag Name y eaning 

RP REG Primary Operations Unit operation register 

RP REG receives the instruction operation code and 
other data fronj the Control Unit during the Control 
Unit instruction cycle while the Operations Unit may be 
be busy with a prior operation. RP REG is further 
sub-structured as ... 
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£laa_j±anLS 

OP CODE 

a 9 CHAR 
b TAGl.2,3 

C CR FLG 
d Ok FLG 
EAC 

RS REG 

e RBI FULL 

f RP FULL 

g RS FULL 

h GIN 

i GOS 

] GOl 

k G02 

I GOE 

n GOA 

n GOM 

o GON 

p GOF 

q STR OP 



t DA-AV 



tteanioa 

The 9 most significant bits of the operation code for 
the instruction. Note that basic (non EIS) operations 
do not involve bit 27 hence the 9 bit field is 
sufficient to define the operation code. 

Character size for Indirect Then Tally modifiers 

0 = 6-bit 

1 = 9-bit 

The 3 least significant bits of the modifier of the 
instruction. This field may. contain a character 
position for an Indirect Then Tally character modifier. 

Character operation flag 

Oirect operation flag 

Effective address counter for LREG/5REG instructions 

Secondary Operations Unit operation register 
OP COOE is moved from RP REG to RS REG during the 
operand fetch and is held until completion of the 
i nstruct ion. 

OP CODE buffer f ul I 

RP REG ful I 

RS REG ful I 

First cycle for all Operations Unit operations 

Second cycle for Operations Unit multi-ops 

First divide cycle 

Second divide cycle 

Exponent compare cycle 

Mantissa alignment cycle 

General Operations Unit cycle 

Normalize cycle 

Final Operations Unit cycle 

Operations Unit store data available 

Data not available 



A A- REG 

Q Q-REG 

0 XO-RG 

1 Xl-RG 

2 X2^RG 



A register not in use 
Q register not is use 
XO not in use 
XI not in use 
X2 not in use 
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£laq Naaa 


Heanina 




3 


X3-RG 


X3 not in 


use 


Z 


X*»-RG 


X«» not in 


use 


5 


X5-RG 


XS not in 


use 


6 


X6-RG 


X6 not in 


use 


7 


X7-RG 


X7 not in 


use 



ICT TRACKER The current value of the Instruction Counter (PPR.IC). 

Since tne Control Unit and Operations Unit run 
asynchronously and overlap is usually enabled* the 
value of ICT TRACKER may aal be the address of the 
Operations Unit instruction currently being executed* 



QECIMAL UNII <DU) HIS.IQ.RY REGISTERS 



format t - 72 bits each 



Deciiral Unit History Register data is stored with the Store Central 
Processor Register (SCPR), TAG = 60, instruction. No Format diagram is 
given because the data is defined as individual bits. 



Sixteen logical combinations of flags from the Decimal Unit. The sixteen 
registers are handled as a rotating queue controlled by the Decimal Unit 
History Register counter. The counter is always set to the number of the 
oldest entry and advances by one for each history register reference (data 
entry or SCPR). 

The Decimal Unit and the Control Unit run synchronously. There is a 
Control Unit History Register entry for every Decimal Unit History Register 
entry and vice versa. If the Processor is not executing a Decimal 
operation, the Decimal Unit History Register entry Hill show an idle 
condition. 



F unc t i on j 



A Decimal Unit History Register entry shows the conditions in the Decimal 
Unit at the end of the Control Unit cycle to which it applies. The sixteen 
registers will hold the conditions for the last sixteen Control Unit 
cycles. Entries are made according to controls set in the Mode Register. 



(See Hode Register above) 

A minus (-) sign preceeding the flag name indicates that the complement of 
the flag is shown. Unused bits are set ON. 

The meanings of the constituent flags aret 
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till £laq Name ttaaninq 

0 -FPOL Prepare operand length 

1 -FPOP Prepare operand pointer 

2 -NEEO-OESC Need descriptor 

3 -SEL-ADR Select address register 
<♦ -DLEN=OIRECT Length equals direct 

5 -OFRST Descriotor processed tor tirst time 

6 -FEXR Extended register modification 

7 -DL AST-FRST Last cycle of OFRST 

8 -ODU-LDEA Decimal Unit load 

9 -DDU-STAE Decimal Unit store 

10 -UREOO Redo operation without pointer and length UDdate 

11 -0LVL<WD-SZ Load with count less than word size 

12 -EXH Exhaust 

13 DENO-SEQ End of sequence 

1** -DE NO End of instruction 

15 -DU=RD+WRT Decimal Unit write-back 

16 -PTRA00 PR address bit 0 

17 -PTRA01 PR address bit 1 

18 FA/11 Descriptor 1 active 

19 FA/12 Descriptor 2 active 

20 FA/13 Descriptor 3 active 

21 -WRD Word operation 

22 -NINE 9-bit character operation 

23 -SIX 6-bit character operation 
2*» -FOUR *»-bit character operation 

25 -BIT Bit operation 

26 Unused 

27 Unused 

28 Unused 

29 Unused 

30 FSAMPL Sample for mi d- i ns true t i on interrupt 
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nil 




He an ing 


31 


-DFRST-CT 


Specified first count of a sequence 


32 


-ADJ-LENGTH 


Adjust length 


33 


-INTRPTO 


Mid-instruction interrupt 


Zk 


-INHIB 


Inhibit STC1 (force "STCO") 


35 




Unused 


36 


DUD 


Decimal Unit idle 


37 


-GDLDA 


Descriptor load gate A 


38 


-G0L0B 


Descriptor load gate B 


39 


-GDIOC 


Descriptor load gate C 


**Q 


NLD1 


Prepare alignment count for first njmeric operand load 


1*1 


GLDP1 


Numeric operand one load gate 


tf2 


NL02 


Prepare alignment count for second tumeric operand load 


<»3 


GLDP2 


Numeric operand two load gate 


<*k 


ANLD1 


Alphanumeric operand one load gate 


**5 


ANLD2 


Alphanumeric operand two load gate 


hb 


LOWRT1 


Load rewrite register one gate 


t*7 


LDHRT2 


Load rewrite register two gate 


<*6 


-DAT A-AVLDU 


Decimal Unit data available 


«f9 


WRT1 


Rewrite register one loaded 


50 


GSTR 


Numeric store gate 


51 


ANSTR 


Alphanumeric store gate 


52 


FSTR-OP-AV 


Operand available to be stored 


53 


-FEND-SEQ 


End sequence flag 


5«» 


-FLEN<128 


Length less than 128 


55 


FGCH 


Character ODeration gate 


5b 


FANPK 


Alphanumeric packing cycle gate 

« 


57 


FEXMOP 


Execute MOP gate 


58 


FBLNK 


B 1 ank i ng gate 


59 




Unused 


60 


OGBD 


Binary to decimal execution gate 


61 


DGDB 


Decimal to binary execution gate 
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bit 


Elaq btajaa 




62 


DGSP 


Shift procedure gate 


63 


FFLTG 


Floating result flag 


6<* 


FRNO 


Rounding flag 


65 


DA DO-GATE 


Add/subs tr ac t execute gate 


6b 


DMP+DV-GATE 


Mu It ipl y/ditf ide execution 


67 


OXPN-GATE 


Exponent network execution 


68 




Unused 


69 




Unused 


70 




Unused 


71 




Unused 



APPENDI NG U N IT (AU) HISTORY REGISTER S 
f ormat z - 72 bits each 



Even word as stored by Store Central Processor Register (SCPR)t TAG = 00* 
instruction 



1111112222222 233 33 
Ji_£-& 7 3-3-H-l-2_3._k-£-6, 



ESN 



I a JbJcJdleSf IgShiil] 1 SDWHrtRlkl PTWAMR I i I 
J I I I 1 i I I I I J L_J L_L 



15 



2111111111 



k 1 



W 1 



Odd word as stored by Store Central Processor Register (SCPR)» TAG = 00* 
instruct ion 




ADO 



! TRR 50 0 OSmlO 0 OinlQ! 
JL I i_J I 8 I 



Zk 



3 1 



3 11 



Figure <t-22 Appending Unit (AU) History Register Format 



Description! 



Sixteen logical combinations of flags and registers from the Appending 
Unit. The sixteen registers are handled as a rotating queue controlled by 
the Appending Unit History Register counter. The counter is always set to 
the number of the oldest entry and advances by one for each history 
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register reference (data entry or SCPR). 



EunctioQl 



An Appending Unit History Register entry shows the conditions in the 
Appending Unit at the end of an address preparation cycle in Appending 
Mode. The sixteen registers will hold the conditions tor the last sixteen 
such address prepartion cycles. Entries are made according to controls set 
in the Mode Register. (See Mode Register above} 



The meanings of the constituent flags and registers aret 
fell Lias-Hams Haaoina 





ESN 


Effective segment number (TPR.TSR) 


a 


BSY 


Data source for ESN 
00 = from PPR.PSR 

(11 = from PPn.<\NP 

10 = from TPR.TSR 

11 s rxa t u^Pfi 


5 


FDSTPW 


Hp^rr i otor < ;p»afBP>nt' PTW f ptrrt 

\J ^ O K~ V A 1 \J 1 3 CylHCII 1 ran fCI \+ 1 V 


c 


HDSPTW 


Descriptor segment PTW modification 


d 


FSDHP 


SOW fetch from paged descriptor segnent 


e 


FPTW 


PTW fetch 


f 


FPTW2 


PTW+1 fetch 


a 


MPT H 


PTW modification 


h 


FANP 


Final addre<£*i fetch from nan-naa^rf (^anant 


i 


FAP 


Final address fetch from paged segment 


J 


SDWAMM 


SDWAM match ocurred 




SDWAMR 


SOWAM register number for SDWAMM=1 


K 


PTWAMM 


PTWAM match ocurred 




PTWAMR 


PTWAM register number for PTWAMM=1 


1 


FLT 


ACV or DFTq fault on this cycle 




ADO 


2*» bit final address from this cycle 




TRR 


Ring number from this cycle (TPR.TR?) 


m 


CA 


Segment is encacheable 


n 


'fhld 


An ACV or DFTq is waiting 
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E or mat * ~ 36 bits each 



Oata read by Read Switches (RSW) , Y = xxxxxO, instruction 



0 3 

-1 5- 

I 1 
j Maintenance Panel Data Switches 1 
J L 



36 



Oata read by Read Switches (RSW) , Y = xxxxx2, instruction 

0 00 11 222 33333 

_fl 2_3__ 6_I_a L-2 3 

I 1 1 J I I 1 J J 

10 0 0 0 0 01 FLT BASE 1000000000 OOOOOSaStOl OSbilSCPUJ 

J I I L_l L_L_J L 

6 7 H» 1 t» 1 i 2 



Oata read by Read Switches (RSW) • Y - xxxxxl/3, instruction 



PORT A/E 



0 0 



PORT B/F 



1 1 



PORT C/G 



2 2 



PORT D/H 



3 111 3 



Oata read by Read Switches (RSW)* Y = xxxxx*», instruction 



0 111111112222222222 3 

_I1 2 3 <t 5 fc_Z-flL_9 0 12 2L-k ? 6 7 8—3 £_ 

i iaibicioieifigihi i 

10 00000000000 0 1 1 I 1 1 1 S 1 1 0 0 0 0 0 0 0 1 

j Lligif iflinqmqi f Iql flail! q if Ui 1 

13 1111111111111111 7 



Figure W-23 Configuration Switch Data Formats 



Rescript ionl 



The Read Switches (RSW) instruction provides the ability to interrogate 
various switches and options on the Processor Maintenance and Configuration 
panels. The least significant digit (bits 15-17) of the address field is 
used to select the switches to be read. High order address bits are 
ignored. Data is placed in the A-Register. Bits pictured as "0" are 
uhi mp I emented or represent options tnat are standard on the Multics 
Processor. Bits pictured as "1" represent options that are standard on the 
Multics Processor. 
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Read Switches (RSW), Y = xxxxxl reads data tor Ports A* B, C, and 0* Read 
Switches (RSW>, Y = xxxxx3 reads data for Ports E, F, G, and H. 



Eupcliaol 



The meanings of the constituent fields aret 



h&x £l£ld Name ttaaninq 

FLT BASE Seven most significant bits of the 12 bit Fault Base 

Address 

a Cache option 

0 = enabled 

1 = disabled 

b Main store speed option 

0 = slow 

1 = fast 

CPU Processor number 

PORT A/E, etc. Port data fields further S ubs tructu~ed as... 

ADR Address Assignment Switch setting for port 

c Port enabled flag 

d System Initialize enabled flag 

e Interlace enabled flag 

HEM Coded memory size ... 



000 32K 

001 6<fK 

010 96K at 160K 

011 128K 

100 512K 

101 102M< 

110 20<*8K 

111 256K 



A* B, etc. Port data fields further substructu-ed as... 

f Interlace mode 

0 = t* word if interlace enabled for port 

1=2 word if interlace enabled for port 

g Main store size 

0 = full, all of MEM is configured 



1 = half, half of MEM is configu-ed 



CONTROL UNIT OATA 



Format » - 288 bits, 8 machine words 
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Data as stored by Store Control Unit ISCU) instruction 



Hand. 



0 0 0 










1112 


2222222223333 3 


0 2 3.. 












.1.2..3 i5 6 t 9 9 0.1 2 3 5 


I J 










J J J 


I 1 l l l 1 1 J 1 1 I i I l 


1 PRR 1 


PSR 








lalblcidleif Iglhiilj I K 1 1 Imlnlol FCT 1 


1 f 










I \ 1 


S 1 1 i J 1 1 1 1 I I i 1 I 


3 










15 1 1 1 


111111111111 3 


0 0 0 0 


0000001111 


1 


1 


1 


1112 


22 22 23 33 


.0123 


<»56?nU23 




5 


6 


7 9 9 0 


3 4 6 7 9 0 .. 4 5, 


I J 1 1 I 


! 1 1 I 1 1 1 I ! 1 


I 




! 


III) 


1 1 1 11 


JalbJcldSelflglhlilllkMJflJlnloIpiqlrlsltl 


IA 1IACHNISNCHN1 F/I ADORluI 


\ \ \ \ \ 


ill i t i i i.i i 


_i 




1 


112 2 


.11 I 1 J 


1111 


1111111111 


1 


l 


1 


111 


4 3 3 5 1 


0 0 0 










1 1 


2 2 2 3 3 


Q 2 3 










7 8 


7 8 9 0 5 


1 1 










t 


1 1 1 


1 TRR I 


TSR 








10 0 0 


0 0 0 0 0 0 Q1CPU1 DELTA 1 


v.. i 










1 


i 1 1 


3 










15 


10 2 6 


0 










11 2 


22 222 223 3 


0 










7 8 0 


12 4 5 6 890 5 


i 










i TSNA 1 TSN3 > TSNC ! i 


to 0 0 0 


0000000000 


0 


0 


0 






t 










1 a 


ID I a Ibl a Ibl i 












18 3 


13 13 1 & 


* 0 










1112 


2 22222222333 3 


0 










7 8 9 8 


12 3456789012 5 


1 










I 2 1 


I 1 1 1 1 1 1 l 1 I 1 1 1 


I 


IC 








talbtcldlel f Iglhli Ij Ikl 1 lain} 0 0 0 0! 


I 










\ I 1 


l i 1 I l 1 1 1 I l l 1 I 












13 1 1 1 


lillllillll 4 


0 










1112 


2222222223 3 


& 










7 8 9 0 


1234567890 5 


I 










i i s 


1 1 1 1 1 1 1 I 1 1 I 


1 


COMPUTED AODRESS 








lalblcidleif Jglhlil] Ski 1! CT HOLD I 


1 










111 


I I I 1 I 1 ! I 1 1 1 












18 1 1 1 


1111111111 6 


0 










1 1 


2 2 2 3 3 


.0 










7 8 


7 8 9 Q . , 5 


1 










1 


111 1 


1 


ADDRESS 








1 


OPCODE 1I1P1 TAG 1 


] 










I 


III I 












18 


10 1 1 & 


0 










1 1 


2 2 2 3 3 


0 










,7 8 


T 8 9 0 5 



QgscriPtioni 



ADDRESS 



OPCODE 



1 1 1 
1 1 1 P 1 
.. 1 1 1 



18 



Figure 4-24 Control Unit Data Format 



10 1 1 



TAG 
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A logical collection of flags and registers from the Appending Unit and the 
Control Unit. In general* the data has valid meaning only when stored with 
the Store Control Unit (SCU) instruction as the fi**st instruction of a 
Fault Trap pair. Bits pictured as "ti M are reserved and must have the value 
0. 



Eunctioni 

The Control Unit Oata allows the Processor to restart an instruction at the 
point of interruption when it is interrupted by an Access Violation Fault* 
a Oirected Fault* or (for certain EIS instructions) a Program Interrupt, 
Directed Faults are intentional* and most Access Violation Faults and 
Program Interrupts are recoverable. If the interruption is not 
recoverable* the Control Unit Oata provides enough info*mation to determine 
the exact nature of the error. 

Instruction execution restarts immediately upon execution of a Restore 
Control Unit (RCU) instruction referencing the Y-block8 area into which the 
Control Unit Oata was stored. 

Fields having an "x M in the column headed L are QQ.1 restored by the Restore 
Control Unit (RCU) instruction. 

Word Jsay L Field Nama Meaning 



0 
0 






PPR.PRR 
PPR.PSR 


Procedure ring register 
Procedure segment registe- 


0 


a 




PPR.P 


Privileged bit 


0 


b 




XSF 


External segment flag 


0 


c 


X 


SOWAM.S0WAMM 


Hatch on SOHAH 


0 


d 


X 


SD-ON 


SDWAM enabled 


0 


e 


X 


PTWAM.PTWAHH 


Hatch on PTWAM 


0 


f 


X 


PT-ON 


PTWAM enabled 


0 


g 


X 


PI-AP 


Instruction fetch append cycle 


0 


h 


X 


DSPTW 


Fetch Descriptor Segment PTW 


0 


i 


X 


SDWNP 


Fetch SDW - nonpaged 


0 


1 


X 


SDHP 


Fetch SDW - paged 


0 


k 


X 


PTW 


Fetch PTH 


0 


1 


X 


PTW2 


Fetch prepage PTH 



0 m x FAP Fetch 

0 n x FANP Fetch 

0 o x FABS Fetch 

0 FCT Fault 



final address - paged 

final address - nonoaged 

final address - absolute 

counter - counts instruction retries 
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Eield Name 


tfaaoioa 






a 


X 


IRO 


For 


ACV 




i 1 lega 1 ring order 




x 


ISN 


Fop 


Jl \ 




i I 1 pna 1 q a a m *» r\ t ftUfllhAf* 


b 


X 


OEB 


For 


ACV 




out of execute bracket 




x 


IOC 


For 


1 r K 




i t 1 ana 1 An rrtHo 


c 


X 


E-OFF 


For 


ACV 


— 


execute bit is oft. 




x 


IA + IM 


For 


TDD 




i I 1 oris 1 a/iHrocc or nnHi f i at 


d 


X 


ORB 


For 


ACV 




out of read bracket 




x 


ISP 


r or 


TDD 






e 


X 


R-OFF 


For 


ACV 




read bit is off 




x 


IPR 


r or 


TOO 






f 


X 


OHB 


F or 


A P \l 
A L> V 




out of write bracket 




X 


NEA 


For 


STR 


— 


nonexistent address 


9 


X 


W-OFF 


For 


ACV 


_ 


write bit is off 




X 


00 B 


For 


CTD 




out of bounds 


h 


X 


NO GA 


r or 


ji r u 

A l» V 




not a gate 


i 


X 


OCB 


r or 


/i p m 




out of call bracket 


J 


X 


OCALL 


r or 


A P \l 

ft L V 




outward cal 1 


k 


X 


BOC 


For 


A P U 
Al> V 




bad outward call 


1 


X 


INRET 


For 


»ru 




inward return 


in 


X 


CRT 


For 






cross ring transfer 


n 


X 


RALR 


For 


A I* V 




ring alarm 


0 


X 


AM-ER 


For 


A P \/ 
Al» V 




associative memory error 


p 


X 


OOSB 


For 


A P If 
At V 




out of segment sounds 


q 


X 


PARU 


For 


PAD 

r M fs 




processor parit/ upper 


r 


X 


PARL 


For 


PAR 




processor parit/ lower 


s 


X 


0NC1 


For 


ONC 




CPU/SCU sequence error #1 


t 


X 


0NC2 


For 


ONC 




CPU/SCU sequence error #2 




X 


IA 


SCU 


illegal action lines (See Table k-2) 




X 


IACHN 


II legal 


action CPU port. 




X 


CNCHN 


For 


CON 




connect (CIOC) 2PU port 



1 x F/I ADOR 

1 u x F/I 



Modulo 2 fault/interrupt i/ector address 

Faui t/ interrupt bit flag ait 
Q - interrupt 
1 = fault 



TPR.TRR 



Temporary ring register 
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HacjJ ha* L ELLeJjl-Jiaiiifi 



TPR.TSR 
CPU 
DELTA 
TSNA 

PRNO 

TSNB 
TSNC 

TEMP BIT 



Temporary segment register 
CPU number 

Address increment fop repeats 

Pointer Register number for non-EIS operands 
or for EIS operand #1 further subs tructured 
as... 

Pointer register number 
1 = PRNO is valid 

Pointer Register number for EIS operand #2 
further substructures as for TSNA above 

Pointer Register number for EIS operand #3 
further suos true tured as for TSNA above 

BITNO field of Temporary Pointer Register 
(TPR.TBR) 







PPR.IC 


Instruction counter 


** 


a 


ZERO 


Zero indicator 




b 


NEG 


Negative indicator 




c 


CARY 


Carry indicator 


** 


d 


OVFL 


Overflow indicator 


<♦ 


e 


EOVF 


Exponent overflow indicator 


t* 


f 


EUFL 


Exponent underflow indicator 


<t 


9 


OFLH 


Overflow mask indicator 


k 


h 


TRO 


Tally runout indicator 


k 


i 


PAR 


Parity error indicator 




1 


PARM 


Parity mask indicator 




k 


BM 


Not BAR Mode indicator 




1 


TRU 


EIS truncation indicator 




m 


MIF 


Mid-instruction interrupt 


<♦ 


n 


ABS 


Absolute mode 



5 x TPR.CA Current Effective Address 

5a RF First cycle of a repeat operation 

5 b RPT Executing a repeat 

5c RD Executing a repeat double 
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Hp r fl L Fiejd Name M eaning 



5 


d 


RL 


Executing a repeat link 


5 


e 


POT 


Prepare operand tally 

This flag is up until the indirect word of an 
IT indirect cycle is successfully fetched. 


5 


f 


PON 


Prepare operand notaily 

This flag is up until the indirect xord of a 
"return" type instruction is successfully 
fetched. It indicates that there is no 
indirect chain even thougn an indirect fetch 
is being done. 


5 


g 


XOE 


Execute double from even IC 


5 


h 


XOO 


Execute double from odd IC 


5 


1 


ITP 


ITP cycl e 


5 


J 


RST 


Restart this instruction 


5 


k 


ITS 


Executing ITS indirect cycle 


5 




FIF 


Fault occured during instruction fetch 


5 




CT HOLD 


Contents of the "remember modifier" register 


6 






Word 6 is the contents of the "working 



instruction register" and reflects conditions 
at the exact point of address preparation 
when the f aul t/i nterrust occured. The 
ADQRESS and TAG fields are replaced with data 
from pointer registers* indirect pointers* 
and/or indirect words du-ing each indirect 
cyle. Each instruction of the current pair 
is moved to this register before actual 
address preparation begins. 

7 Word 7 is the contents of the "instruction 

holding register". It contains the odd »ord 
of the last instruction pair fetched from 
main store. Note that, primarily because of 
store overlap, this instructioT is not 
necessarily paired with the instruction in 
Word 6. 

DEC IMAL UNIT DATA 



F ormat ! - 288 bits, 8 machine words 
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Data as stored by Store Pointers and Lengths (SPL) inst-uction Word 



u a_2_a_i_2 _, 1 





i 

1 0 


0 


0 


0 


0 


0 


0 


D 


1111 
0 1 Z ! 0 ! 0 I 
lilt 


CH TALLY 








i 
I 
1 




















9 


111 










Zk 




0 
0 




























3 
5. 


l 


] 

t 0 

2 


0 


0 


0 


0 


0 


0 


0 


o 


%J U W W U W *J 


oooooooooooo 


0 


0 0 0 0 


0 


1 

0 01 

1 
































36 




0 
0 




















2 2 2 2 2 

3 «t 5 & 7 


_ 


2 3 3 3 
9 0 12 


3 
3 


3 
S 




1 

1 

i_. 


















01 PTR 


I I 1 
1 Oi TA 1 0 
1 J 1 


0 


1 I 1 1 

o : x if i a: o 

! 1 t 1 


I 

0 Oi 

1 
























2*» 1 2 




3 111 




3 




0 
D 


















0 111 
9 0 12, 










3 

5 




2 
J 

1 . 








LEVEL 








1 1 
• 0 01 

2 1 


01 RES 








J 
1 
2 






















10 2 










2<» 




0 

0 




















2 2 2 2 2 

3 *t 5 & 7 




2 3 3 3 
9 0 12 


3 

3 


3 3 
«f 5 




i 

! 
1 


















02 PTR 


1 1 1 
1 0 t T A 10 

i i s 


0 


i i : i i i i 

QIRJFiAlOIOlQi 
! S I 1 1 S 1 
























Zk 1 2 




3 111 


1 


1 1 




0 
0 


















1 1 
1 2 










3 
5 




i 

I 0 

j 


0 


0 


0 


0 


0 


0 


0 


0 


1 

0 0 0 1 

f 

.. _., I _- , ,„ _ 


02 RES 








1 
1 
1 






















12 










2«» 




0 

0 




















2 2 2 2 2 

3 «t 5 6 7 




2 3 3 3 
9 0 12 


3 

3 


3 




i 
l 

1 . 


















D3 PTR 


1 i : 

lOITA 10 

2 2 t 


0 


12 11 
01R1F1A1 
2 i I » 




• 

• 

JMP 1 
i 
























Zk 1 2 




3 111 




3 




0 

0 


















1 1 
1 2 










3 

5 



1 1 



Z 10000000000001 03 RES 1 

J I I 

12 Zk 

Figure **-Z5 Decimal Unit Data Format 
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A logical collection of flags and registers from the Decimal Unit. 3its 
pictured as "0" are reserved and must have the value 0. 



EunsLLLo.nl 



The Decimal Unit Data allows the Processor to restart an EIS instruction at 
the point of interruption when it is interrupted by an Access Violation 
Fault* a Directed Fault, or (for certain EIS i nstr jet i ons ) a Program 
Interrupt. Directed Faults are intentional, and mast Access Violation 
Faults and Program Interrupts are recoverable. 

The data are restored with the Load Pointers and Lengths (LPL) instruction. 
Fields having an "x" in the column headed L. are Qai restored. When 
starting execution of an EIS instruction, the decimal unit registers and 
.flags are not initialized from the Operand Descriptors if the 
Mid-instruction Interrupt Fault (MIF) indicator is set DN. 



The meanings of the constituent flags and registers are! 



Hand L Field Name. tieaning 

0 Z All bit string instruction results are zero 

0 0 Negative overpunch found in 6-U expanded move 

0 CHTALLY The number of characters examined by the SCAN, TCT, or 

TCTR instruction (up to the interruot or match) 

Address of last double word accessed by Operand 
Descriptor i; bits 17-23 (bit add~ess) valid only for 
initial access 

Alphanumeric type of Operand Descriptor 1,2,3 

Decimal Unit interrupted flag; a copy of the 
Mid-Instruction Interrupt Fault indicator 

First time? data in Operand Descriptor 1,2,3 is valid 

Operand Descriptor 1,2,3 is active 

Difference in the count of characte-s loaded into the 
CPU and characters stored bacK to main store 

Count of characters remaining in Operand Descriptor 1 

Address of last double word accessed by Operand 



Descriptor ZX bits 17-23 (bit add-ess) valid only for 
initial access 

Last cycle performed must be repeated 

Count of characters remiining in Operand Descriptor 2 

Address of the last double word accesssed by Operand 
Descriptor 3; bits 17-23 (bit add-ess) valid only for 
i ni t ial access 



2 01 PTR 

2,<»,6 TA 
2x1 

2,<»,6 F 

2,«»,6 A 

3 LEVEL 

3 Dl RES 

<♦ D2 PTR 



<»,6 x R 

5 02 RES 

6 03 PTR 
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Hand L Eie Id-Mams ttaanina 

6 JMP Descriptor count; number of words to skip to find the 

next instruction following this multiword instruction 

7 03 RES Count of characters remaining in Operand Descriptor 3 
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SECTION V 



ADDRESSING — SEGMENTATION AND PAGING 



ADDRESSING MOOES 



The Mult ics Processor is able to access the main store in either of two 
modes; Absolute Mode or Append Mode. 



The Processor prepares an Effective Address for each main store reference 
for instructions or operands. An Effective Address consists of a 12-bi t segment 
number and an 18-bit offset within that segment. An oJLtSftl is defined as the 
number of machine words from the segment base or origin to the referent. The 
Processor uses the Effective Address to generate a 2<»-bit 1 inal address. The 
final address is used either as a direct operand or as an address for a main 
store access. The various means of Effective Address formation are explained in 
Section VI* Effective Address Formation. The generation of the final addess is 
different in the two Addressing Modes* 



In Absolute Mode* the segment number is null* that is* undefined, and the 
segment base is the origin of main store. The final address is generated bv 
high-order zero filling the offset with six binary O's. .Absolute Mode 
addressing is limited to the first 262, 1W words of main store* 



In Absolute Mode, all instruction fetches are made from Absolute addresses* 
Instruction operands may be located anywhere in main store and may be accessed 
by specifying ITS Address Modification for the instruction or by loading a 
Pointer Register with an appropriate value and specifying IIP Address 
Modification or using bit 29 of the instruction word* The use of ITS or ITP 
Address Modification in an Indirect Word will have the same effect* 



WARNINGS The use any of the above constructs in Absolute Mode places the 
Processor in Append Mode for one or more Address Preparation cycles* 
All necessary registers must be properly loaded and all Fault 



If a transfer of control is made with any of the abcwe constructs, the 
processor remains in Append Mode after the transfer and subsequent instruction 
fetches are made in Append Mode* 
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conditions must be considered tSee Append Mode belaw). 



Although no segment is defined for Absolute Mode, is lay be helpful to 
understanding to visualize a virutal, unpaged segment overlaying the first 
262, words of main store. 



Append Mode , 

In Append mode, the appending mechanism is employed for all main store 
references. The appending mechanism is described in "Segmentation" and "Paging" 
following in this section* 



A Hultics S£3Jt£lit is defined as an array of machine words of arbitrary Cbut 
limited) size containing arbitrary data. A segment is identified within the 
Processor by a s eamen t numb er ( SA flOfl) . unique to the segment for the process, 
that is assigned by the operating system when the segment is first referenced by 
the process. 

To simpify this discussion, the operation of the hardware ring mechanism is 
not described although it is an integral part of Address Preparation. See 
Section VIII* Hardware Ring Implementation, for a discussion of the ring 
mechanism hardware. 

* An Effective Address in the Processor consists of a pair of integers 
( seano . q f f se t > • The range off segno is IQ,2*»12-1), the range off offset is 
CQ,2*»18-1). The description of the segment identified by segno value q is Kept 
in the jjth word-pair (o_LlS£t= 2 • u> in a table known as the descriptor Sftflft& n i 
(ds_e_a>. The descriptor segment always has se qno value 0 and contains 
descriptions of all segments accessible by the process including its own 
description in Y-pair 0. The location of the descriptor segment for a running 
process is held by the Processor in the Descriptor Segment Base Register (DSER). 
(See Section IV, Program Accessible Registers) Each word-oair of a descriptor 
segment 4s known as a Segment Descriptor Word (SOW) and is 72 bits long. (See 
Figure 5-5, Segment Descriptor Word CSDW) Format, later in tnis section.) 

A bit in the SOW for a segment (SDW.U) specifies whether the segment is 
paged or un p a g ed. The following is a simplified description of the appending 
process for unpaged segments. (Refer to Figures *»-Hf and 5-5) 

1. If 2 • s_e.gQ2 >= 16 * (OSBR.BND + 1), then generate an Access 
Violation, Out of Segment Bounds Fault. 

2. Fetch the SOW from DSBR.ADDR ♦ 2 » seono . 



3. If SDW.F * "0", then generate Directed Fault q where jq is given in 
SDW.FC. The value of q used here is the value assigned to define a 
missing segment fault or aeamftol laul±. 

If of f set >= 16 * (SDW.BOUNO ♦ 1), then generate a-> Access Violation, 
Out of Segment Bounds Fault. 

5. If the access bits (SDW.R, SDW.E, etc.) of the segment are 
incompatible with the reference, generate the appropriate Access 
Viol at ion Faul t. 
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6. Generate final address SOW. ADR ♦ o f f set . 



Figure 5-1 depicts the relationships described above* 
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Figure 5-1 Final Address Generation for an Unpaged Segment 



PAGING. 



A oaoe is defined as a block of 2**q machine words. The Multics Processor 
is designed in such a way that q is adjustable in the range (6*12). Experience 
has shown that the optimum value for q is 10 yielding a page size of 102** words. 



With the value of a established* the Processor divides a is-bit offset or 
segnp value into two parts; the high order n> bits forming a page number, jj, 
and the low order q. bits forming a word number* v.. At gori thm ica 1 1 y * this may 
stated asf 

Y. = v alu e modulo (oaaa si ze) 

x = < value. - yJ / (p-aaa site.) 

The symbols x and )t_ wi 1 1 be used in this context throughout this section. 
Examples of page number formation are shown in Figure 5-2 below. 
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n = 10 
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Figure 5-2 Examples ot Page Number Formation 



A bit in the SOW for a segment (SDW.U) specifies whether the segment is 

paged or unpaged. A paged segment may be defined as an array of pases of 

arbitrary (but limited) size with each page an array of 102W machine words. 

Thus* a reference to a word or words of a paged segment may be treated as a 
reference to word of page x of the segment* 

Hultics subdivides the Virtual Hemory into page aits, blacks of 102^ words 
each. In the main store* the blocKs are known as main store p ages * on the 
pagin*g device and the secondary storage* the blocks are known as records * Such 
a subdivision of space allows a segment page to handled as a physical block 
independently from the other pages of the segment and from other segments* When 
a reference to a word in a paged segment is required (and the word is not 
already in main store), a main store page is allocated and tie record containing 
the segment page is read in. Unneeded segment pages need not occupy space in 
main store* 

The location and status of page a of a paged segment is kept in the xth 
word of a table known as the page tab I e, for the segment. The words in this 
table are Known as page, l ab > e Wo rds (Pitts). (See Figure 5-6, Page Table Word 
CPTW) Format, later in this section*) 

Any segment may be paged as appropriate and convenient. SDW.ADR for a 
paged segment points to the page table for the segment instead of the base of 
the segment. If dseo. for a process is paged, DSBR.ADDR points to the page table 
for dseo * 

The full algorithm used by the processor to access word of f se t of paged 
segment Seg no (including dse g paging) is as follows* (Refer to Figures 



5-5, and 5-6) 



1. 



If 2 * S.£g.Qa >= 16 * DSBR.BND, the generate an Access 
of Segment Bounds Fault. 



Violation, Out 



2. Form the quantities* 

*1 = (2 
Ai = (2 



ss.aaa) modulo inzk 
i±ana - *.i> / 1Q2«» 
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o Avoid usincj common keywords as names. When names such as 

goto declare del if then 

and so on are used as names* a superficial but irritating confusion is 
introduced. On the other hand* cjg. use uncommon keywords as names 
where that is convenient. There is certainly no harm in using 'dft* 
to name a variable for the "debit final total" Cor something of the 
sort) even though *dft' is a keyword. 

o Where possible* avoid using troublesome letters in identifiers. For 
exaTple* the digits ieiQ and Qne. are troublesome because some output 
devices do not clearly distinguish between zero and the letter '0'. or 
between one and the letter ' 1*. 



Lit2££l _£ SQSiant s 



There is a literal constant lexeme for each type of arithmetic and string 
value. The full syntax and interpretation of these lexemes are given later* in 
the section on "Expressions". The following is a representative set of examples 
of arithmetic literal constants: 



&L i t hm£Lif._£C2nsi§Qi Q2l2_l¥G?. 

304 f i xed dec (3) 

3. IH f i xed dec<3*2) 

3.04e-5 float dec(3) 

3.(Ke-5i complex float dec(3) 

01in001b fixed<7) 

0-11.P0C1b fixed<7*4) 

P1 1 .COf 1e-2b floatC7> 

01 1 .0ri01e-2bi complex float<7) 

Observe that an arithmetic constant dees not begin with a sign. When a negative 

constant is required* it is written as two lexemes* a sign followed by an 
arithmetic constant. 

The following is a representative set of examples of string literal 
constants: 



SiliQ3_C2QStant 



&3i'i_l*c£ Remark 



"abed" 

( 3) "abed" 
it ti 

"""Hel lo*' 



he said." 



c har ( 4 ) 
char (1 2) 
c har (0) 
c har ( 1 7) 



means " abc dab c da b cd" 
means the null string 
"" counts as " in value 



"1.1.101 "tK—., 

<O"01"b 

""b 



-b.iJt.CS). 
b it <*) 
b i t (0) 



means "C10 1 01 Or* b 
means the null string 



Any ASCII character can be usee in a 'character' string constant* including such 
non-printing characters as tab* newline* and so on. A strinq constant is a 
single lexeme* and is not considered to contain smaller lexemes. 
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FuQCtuatQCS 



There are six QUD£iu3ifiC-,i£2£H£S' each is given, together with its purpose/ 
in the following table: 



(period) 
, (comma) 
: (colon) 
I '(semicolon) 



( (left 



indicates the decimal or binary point/ also* 
separates names in a qualified reference 

separates items in a list of arguments, parameters* 
subscripts, declarations/ options, and sc on 

terminates a condition prefix or a label prefix; 
also, separates the bounds of an array 

terminates a statement 

indicates the beginning cf a list, an expression* an 



parenthesis) iteration factor, and so on 

) (right indicates the end of a list/ an expression, an 

parenthesis) iteration factor, and sc on 

These lexemes are used in most of the features of PL/I. 



There are five kinds of 2E2ra£o.r _i,gx SfLtS' they are defined as follows; 



arithmetic 
relational 
. logical 
string 
qualifier 



+-*/** 

= "*= < "< > 

1 1 

-> 



<= >= 



Yost of the operators are defined in the section on "Operators". The only 
exception is the qualifier operator, which is defined in the section on 
"Expressions". 
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ADDRESS APPLMfliafc 



At the completion of the formation of the Effective Address (See Section 
VI* Effective Address Formation! an Effective Segment Number (s e^n o) is in the 
Segment Number Register of the Temporary Pointer Registe- (TPR.SNR) and a 
Computed Address (o f f se t) is in the Conputed Address register of the Temporary 
Pointer Register (TPR.CA) (See Section IV « Program Accessible Registers* for a 
discussion of the Temporary Pointer Register). 



.Aflflg.no: in q Saquao^as 

Once sggno and o f f s e t are formed in TPR.SNR and TPR.CA, respectively* the 
process of generating the final address can involve a numoer of different and 
distinct Appending Unit cycles. 



The operation of the Appending Unit is shown the flowchart in Figure 5-t». 
This flowchart assumes that Directed Faults Store Faults* or Parity Faults do 
not occur. 

A segment boundary check is made in every cycle except PSDW. If a boundary 
violation is detected* an Access Violation* Out of Segment Bounds Fault will be 
generated and the execution of the instruction aborted. The occurence of any 
Fault will abort the sequence at the point of occurence. The operating system 
will safe store the Control Unit Data for possible retry and will attempt to 
resolve the Fault codition. 



The value of the Associative Memories may be seen In the flowchart by 
observing the number of cycles bypassed if an SOW or PTW is found in the 
Associative Memory. 



There are nine different Appending Unit cycles that involve accesses to 
main store. Two of these (FANP* FAP) generate the final address and initiate a 
main store access for the operand or instruction pair; five (NSDW* PSDW, PTW» 
PTW2 and DSPTW) generate a main store access to fetch an SOW or PTw; and two 
(MDSPTW and MPTW) generate a main store access to update page status bits (PTW.U 
and PTW.M) in a PTW. The cycles aire defined in Table 5-1 below. 
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Cycl e 
FANP 



FAP 



NSOW 



PSOW 



PTH 



PTW2 



DSPTH 



MDSPTW 



MPTH 



Table 5-1 Appending Unit Cycle Definitions 

function 

£inal Address iion&aged 

Generates the final address and initiates an main store access to 
an unpaged segment for operands or instructions, 

Einal Address Paged 

Generates the final address and initiates a main store access to 
a paged segment for operands or instructions. 

Monpaged SUM Fetch 

Fetches an SOW from an unpaged dseg . 
Eaged SJ2H Fetch 

Fetches an SOW from a paged descriptor segment. 
eiH Fetch 

Fetches a PTH from a page table other than a dse_a page table. 
Second P TH Fetch (Same as PTH above) 

Fetches tne next PTH from a page table other than a dseg oage 
table during hardware prepaging for certain jn interruptab 1 e EIS 
instructions. This cycle does Dal Toad tie next PTH into the 
Appending Unit. It merely assures that the PTH is not faulted 
(PTH.F = "1") and that the target page will be in main store when 
and if needed by the instruction. 

Qescriptor Segment EJ.J& Fetch 

Fetches a PTH from a dseo page table. 

Modi f y QSPTM 

Sets the page accessed bit (PTH.U) in the PTH for a page in a 
dseg page table. This cycle always immediately follows a DSPTH 
cycle. 

Hodify PJJi 

Sets the page modified bit (PTW.H) in the PTH for a page in other 
than a £ts_e.a page table. 
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Figure 5-<» Appending Unit Operation Flowchart 



1 FAP I 

J L 

2 

A STR-OP is any Processor function • 
that writes data to main store, ___ APPEND 
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APPENDING UtilT QATAJttQRIL.f:QRt1ATS 



S«>amer>t Descriptor Ward (SOW ) Format 



The Segment Descriptor Word (SDK) pair contains information necessary to 
control the access to a segment by a process. The SDW for a segment is 
constructed from data in the directory entry for the segment and in the System 
Segment Table (SST) when the segment is initiated by the p*ocess. The SDK for 
segment q (unique within the process) is placed at offset 2.Q * n *he Descriptor 
Segment (.d_S£a> of the process. 



Even word 



0 2222 233333 

_J 3__<t & 7 9 0 2 3 t» 5 

] i I I SSI 

I ADDR I Rl ! *2 I R3 SFS FC1 

1 L i 2 I I 1 

Zk 3 3 3 1 2 

Odd Word 

00 1 11111222 3 
B. 1 H 5 o 7 fi-9 P. 1 2 £_ 

ii i i : i i i i : i 

101 BOUND SRSE IWiPiUlGSCS ZL I 
1_1 L_J I L-J I 1 I L 

1 Ui 1 1 1 1 11 Ik 

Figure 5-5 Segment Descriptor Word (SOW) Format 

Field Name Description 

ADDR Zk bit base address of segment (U=l) or segment page table 

(U=0). 

Rl highest effective read/write ring. 

R2 highest effective read/execute ring. 

R3 highest effective call ring. 

F directed fault indicator. 

1 = the necessary unpaged segment or segmeit page table is in 
memory. 



0 = execute the directed fault specified in FC. 

FC the number of the directed fault (DF0-DF3) to be executed if 

F=0 . 

BOUND largest 16-word olocK number that may be accessed without 

causing an Access Violation* Out of Segment Bounds Fault. 

R read permission bit. 
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Field H ai B S p escr ipf ion 



E eXECute permission bit. CXEC & XEO excluded! 

M write permission bit. 

P privileged mode bit. 

0 = privileged instructions cannot be executed. 

1 = privileged instructions may oe executed if in ring 0. 

U paged/unpaged bit. 

0 = segment is paged and ADDR is the address of the page 

table. 

1 = segment is unpaged and ADDR is the base address of the 

segment. 

G gate indicator bit. 

0 = any call from an external segment must be to an offset 

less than the value of CL. 

1 = any legal segment offset may be called. 

C cache control bit. 

0 = words (operands or instructions) from this segment may not 

be placed in the cache. 

1 = words from this segment may be placed in the cache. 

CL call limiter. 

Any external call to this segment must se to an offset less 
than CL if G=0. 



Baas Table ttord tPTH) -Eocmal 

The Page Table Word (PTW) contains location and status information for a 
page of a paged segment. The PTWs for a paged segment are copied from the 
directory entry file map for the segment into the Page Table Word Array (PTWA) 
of a free area in the Active Segment Table (AST) area of the SST when the 
segment is first initiated by a process. Subsequent initiations by other 
processes reference the existing PTWA. 

0 11 222222222333333 

-J! I_fl l_2_l.Jt_5 6 U H 1,2 3 <t ? 

I 1 l_l I 1 I I I I I S 1 . I 

I ADDR I DID JWIP10 0IU10 0 ! H I Q I W !S I F I FCI 

J L 1 I 1 L_J i_i_L_L_i_J L 

18 1 1 21 211111 2 

Figure 5-6 Page Table Word (PTW) Format 



Field Nfljna Qsscr.jp t ion 

AODR 18 bit modulo 6*» page address if page is in store* 

ttC 

18 bit record number of page if page is not in store. 

The hardware ignores low oroer bits 3f the in-store page 
address according to page size based on the following ••• 
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Field Name D escription 

Page Size ADDR Bits 

in words l^nanad 



&<♦ 


none 


128 


17 


256 


16-17 


512 


15-17 


102«» 


1*»-17 


20«»8 


13-17 


<»096 


12-17 



DID device id for device containing the page. 

W I s page has not yet been written out. 

P temporary bit used in pos t_processing. 

U 1 = page has been used (touched). 

M 1 = page has been modified. 

Q 1 = page has been used during the quantum. 

M 1 = page is Hired. 

S 1 = page is out of service li/o in progress). 

F 1 = page is in store. 

0 = page not in store. Execute directed fajlt FC. 

FC directed fault number for page fault. 
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SECTION VI 



EFFECTIVE AOORESS FORMATION 



aLEiNiiig.a_aF effective, a aQRxsjs 



The Effective Address in the Mul tics Processor is the user's specification 
of the location of a data item in the Mul tics Virtual Memory. Each reference to 
the Virtual Memory for operands* indirect words* indirect pointers* Operand 
Descriptors* or instructions must provide an Effective Address. The hardware 
and the operating system translate the Effective Address into the true location 
of the data item and assure that the data item is in main store for the 
reference* 



The Effective Address consists of two parts* a segment number and an 
offset. The value of each part is the result of the evaljation of a hardware 
algorithm (expression) of one or more terms. The selection of the algorithm is 
made,, by the use of control bits in the Instruction Word? namely* bit 29 for 
segment number modification and the Address Modification (or TAG) field for 
offset modification. If the TAG field of the Instruction Wo-d specifies certain 
"indirect"* modifications* the TAG field of the Indirect Word is also treated as 
an Address Modifier* thus establishing a continuing "indirect chain". 8it 29 of 
an Indirect Word has no meaning in the context of Address Modification. 



The results of evaluation of the Address Modification algorithm are stored 
in temporary registers used as working registers by the Processor. The segment 
numoer is stored in the Temporary Segment Register (TPR.TSR). The offset is 
stored in the Computed Address Register (TPR.CA). When each Effective Address 
computation has been completed* the C(TPR.TSR) and the C (TPR.CA) are presented 
to the Appending Unit for translation to a 2^-bit final Add-ess (See Section V* 
Addressing — Segmentation and Paging). 



TYPE S OF E FFE CTI V E- AflHRESS FQRHATIQM 



There are two types of Effective Address formation. The first type does not 
make explicit use of segment numbers. The algorithm selected produces a value 
for C(TPR.CA) only. The segment number in C(TPR.TSR) does not change and is the 



segment rumber used to fetch the instruction. In this case, all references are 
said to be "local" to the procedure segment as held in C(PPR.PSR). 



The second type makes use of a segment number stored either in an Indirect 
Word-pair in main store or in a Pointer Register (PRn). The algorithm selected 
produces values for ooth C(TPR.TSK) and C(TPR.CA). The segment number in 
C(TF'R.TSR) may change and, if it changes* references are said to be "external" 
to the proceoure segment as held in C(PPR.PSR). 
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The two types of Effective Address formation can be intermixed. In cases 
where Effective Address calculations are chained together through Pointer 
Registers or Indirect Words* each Effective Address is translated to a 2*»-bit 
final address to fetch the next item in the chain* 



EFFECTIVE AEDRESS FQRMAIlQii DESCRIPTION 



This description of Effective Address formation is divided into two parts 
corresponding to the two types. The first part describes the type that involves 
only the offset value C(TPR.CA). The segment number C(T?R.TSR> is assumed 
constant and equal to CIPPR.PSR). 



The second part describes the type that involves both the segment number 
C<TPR.TSR) and the offset CCTPR.CA). 



EFFEC TIVE ADDR ES S FOR MA TION INVOLVING OF FSE T ONLY 



The Address Modifications described here produce values for CtTPR.CA) only. 
The segment number C(TPK.TSR) is assumed constant and equal to C(PPR.PSR). 



The Address Modifier (TAG1 Field 



Bits 30-35 of an Instruction Word or Indirect Word constitute the Address 
Modifier or TAG field. The format of the TAG field isl 



3 3 3 3 

_a_i_2 5_ 

i : i 

l Tml Td I 

J 1 1 

2 k 



Figure 6-1 Address Modifier (TAG) Field Format 



F ield Nam e EuELC-LLO.Q 

Tm The "modifier" field; specifies one of four general types of 

offset modification. 

Td The "designator - field* specifies a register number or an 

Indirect Then Tally variation. 



kenficaJ Troes of Qf TsglJlQdi! icaliap 



There are four general types of offset modification: Register, Register 
Then Indirect, Indirect Then Register* and Indirect Then Tally. The general 
types are described in Taole 6-1 below. 
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Each Effective Address formation for an operand begins «ith a preliminary 
step of loading TPR.CA with the ADDRESS field of the Instruction Word. This 
preliminary step takes place during instruction decode* The value loaded into 
TPR.CA is symbolzied by "y" in the descriptions following. 

Table 6-1 General Offset Modification Typas 



Tm 



tiftdifier Type 
Register (R) 



Register Then 
Indirect (RI) 



Indirect Then 
Tal ly (IT) 



flescriPtiQQ 

The contents of the designated register, Td, are 
added to the current Computed Address to form the 
modified Computed Address. Addition is two's 
complement, modulo 2*»18 and overflow is not 
possibl e. 

The contents of the designated register, Td, are 
added to the current Computed Address to form the 
modified Computed Address as for Register 
modification. The word at CCTPR.CA) is then 
fetched and interpreted as an Indirect Word. The 
TAG field of the Indirect Word specifies the next 
step in Effective Address formation. The use of 
du or dl as the designator in this modification 
type will cause an Illegal Procedure, Illegal 
Modif ier Paul t. 

The Indirect Word at C(TPR.CA) is fetched and the 
modification performed according to the variation 
specified in Td amd the contents of the Indirect 
Word. This modification tyoe allows automatic 
incrementing and decrementing of addresses and 
tal ly counting. 



Indirect Then 
Register (IR) 



Tne register designator, Td, is safe-stored in a 
special holding register (CT-40LD). The «ord at 
the current C (TPR.CA) is fetched and interpreted 
as an Indirect Word. The TAG field of the Indirect 
Word specifies the next step in Effective Address 
formation as follows! 



If Indirect 



R or 
IT 



Perform Register modification 
from CT-HOLO. 



using Td 



RI Perform the Register Then Indirect 

modification immediately and fetch the 
next Indirect Word from the result of 
that modification. 



IR Replace the safe-stored Td value in 

C T- HOLD with the Td value of the 
Indirect Word TAG field and fetch the 
next Indirect Word from the ADDRESS 
given in the Indirect Word. 
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LJLLgctive Address ParunallflD-EJLgiicJiacta 



The algorithmic flowcharts depicting the Effective Address formation 
process are scattered throughout this section and are linkad together with "Go 
to" labels. The flowchart starts with Figure 6-2 below. 



SLLARI EA 
I 

t 

/ \ 
/ Interpret \ 
\ Tm / 

\ / 

I 

4 ; 



I I ! I 

I Tm=R I Tm=RI 1 Tm=IT I Tm=IR 

♦ ♦ * t 

Go to Go. to Go to Go to 

START START START SI^BX 

& tioo. &i wlq u mm i& noa. 



(Figure 6-3) (Figure 6-M (Figure 6-5) (Figu-e 6-6) 
Figure 6-2 Common Effective Address Formation Flowchart 



In Register modification (Tm = 0) the value of Td designates a register 
whose contents are to be added to C(TPR.CA) to form a modified C(TPR.CA). This 
modfied C(TPR.CA) becomes the Effective Address of the operand. See Table 6-2 
and Figure 6-3 below for details. 



EXAMPLES! 



1. 
2. 
3. 
<». 
5. 



a 
a 

a 
a 



X nstruc tiorv 
Ida y 
sta y,n 
Idaq y»au 
tra 3, ic 
I dq y,du 



.fijldcass 
y 
y 

y ♦ C(A)0,17 
a*3 

y; operand has the form 



zero y»0 



6. 

7. 
8. 



Ixl<* y,dl 

mpy y»l 
stx<* y,7 



y; operand has the form 
zero 0,y 

y ♦ C(X1) 

y ♦ C(X7) 
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Table 6-2 Register Modification Decode 
( NOTE x All examples start with the preliminary step, y -> C(TPR.CA)) 



Td Register Coding Effective 
Jtelue Selected Mnemonic Address 



n 
0 


none 


n or nul 1 


y 






1 


AO, 17 


au 


y 


♦ C(A>0,17 




2 


Q0,17 


qu 


y 


♦ C(Q)0,17 




3 


none 


du 


v; 


y becomes the uppe- IS 
the 36-bi t zero til 1 ed 


bi ts of 
operand 


*♦ 


PPR.IC 


ic 


y 


♦ C(PPR.IC) 




5 


A18.35 


al 


V 


♦ C<A)18,35 




6 


Q.18,35 


ql 


y 


♦ C<Q>18,35 




7 


none 


dl 


y; 


y becomes the lone- 18 


bi ts of 



the 36-bit zero filled operand 



10 


XO 


0 


or 


xO 


y 


♦ 


C(X0) 


11 


XI 


1 


or 


xl 


y 


♦ 


C(X1) 


12 


X2 


2 


or 


x2 


V 


♦ 


CtX2) 


13 


X3 


3 


or 


x3 


y 


♦ 


CCX3) 


Ik 


Xh 


k 


or 


xi* 


y 


♦ 


C(X<*) 


15 


X5 


5 


or 


x5 


y 


♦ 


C(X5) 


16 


X6 


6 


or 


x6 


y 


♦ 


C(X6) 


17 


X7 


7 


or 


x7 


y 




CCX7) 
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SJJLRI 
& tlQQ 
I 

ft 

/ \ 
Yes / Td=0? \ 
\ / 

\ / 

1 

: no 

ft 

/ \ 
/ Td=3 \ Yes 



\ or 7? / I 

\ / 1 

2 I I 

1 No I Set Direct Operand Flag I 

ft I Form Operand I 

1 J J L 

J r=Td I 1 

1 Eft. Addr. - I I 



1 1 C(TPR.CA) ♦ C(Q) I 1 

1 1 L I 

l I 1 
+ > j < + 

* 

EUA £A 



Figure 6-3 Register Modification Flowchart 



Register Then Indirect LRU Modification 



In Register Then Indirect modification (Tm = 1) tne value of Td designates 
a register whose contents are to be added to C(TPR.CA) to form a modfled 
C(TPR.CA). This modified C(TPR.CA) is used an as Effective Address to fetch an 
Indirect Word. The ADDRESS field of the Indirect Word is loaded into TPR.CA and 
the TAG field field of the Indirect Word is interpreted in tie next step of an 
indirect chain. The TALLY field of the Indirect Word is ignored. 



The indirect chain continues until an Indirect Word TAG field specifies a 
modification without indirection, namely, a Register modification. 



The coding mnemonic for Register Then Indirect modification is c» where r. 
is any of the coding mnemonics for Register modification as given in Table 6-2 
above except du and dl. The du and dl register codes are illegal and wilt cause 
an Illegal Procedure, Illegal Modifier fault. See flowchart in Figure 6-*» 
be I oh* 
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EXAMPLES! 





Lattai 


lastrjuiilflo 




1. 


a 

b 


Ida b*» 
arg y 


y 


2. 


a 

b*C(XU 


Idq b,l» 
arg y v au 


y ♦ CU)0»17 


3. 


a 

c 


tra ktic* 
arg c«» 
»rg y 


y 


km 


a 

b*C(XQ) 
c+CCXl) 


lxt«* b,0» 
arg c«l* 
arg y ( dl 


y} operand has the 



zero 0«y 



START 
1 

1 

/ \ 
/ Td=3 \_JCfiL5. 



\ or 7? / I 

V / * 

I ABORT 

1 No Illegal Procedure* 

*' Illegal Modifier Fault 
/ \ 

/ Td=0? \_Mq 

\ / 1 

\ / t 

I I I 

I Yes I r=Td I 

1 I Eft. Addr. = 1 

I I C(TPR.CA) ♦ CCt) I 

I J L 

I 1 

J < 4 



t 

1 I 

I Indirect Word I 

I Fetch I 

I APPENO CYCLE I 

I (Figure 5-k) I 

i i 

I 

Go to 



(Figure 6-21 



Figure 6-<» Register Then Indirect Modification Flowchart 
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Indirect Than .Rgqistec-HSl-HQClif ication 



In Indirect Then Register modification (Tm = 31 the value of Td designates 
a register whose contents are to be added to CCTPR.CA) to form the final modfied 
C(TPR.CA) during the last step in the indirect chain. The value of Td is 
safe-stored in a special holding register, CT-HOLD. The inital C(TPR.CA) is 
used an as Effective Address to fetch an Indirect Word. The ADDRESS field of 
the Indirect Word is loaded into TPR.CA and the TAG field field of the Indirect 
Word is interpreted in the next step of an indirect chain. The TALLY field of 
the Indirect Word is ignored. 

If the Indirect Word TAG field specifies a Register Then Indirect 
modification! that modification is performed and the indirect chain continues. 

If the Indirect Word TAG field specifies Indirect Then Register 
modification, the Td value from that TAG field replaces the safe-stored Td value 
in CT-HOLD and the indirect chain continues. 

If the Indirect Word TAG specf ies Register or Indirect Then Tal ly 
modification, that modification is replaced with a Register modification using 
the Td value safe-stored in CT-HOLD and the indirect chain ends. 

The coding mnemonic for Indirect Then Register modification is *r_ where r_ 
is any of the coding mnemonics for Register modification as given in Table 6-2 
above except ru I | ■ 



EXAMPLES! 



LatLSl 



I nstruc tion 



Effective &fldr.e.s.s 



1. 

2. 



I da b,*n 
arg y,2 

1x12 b,*dl 
sta y,au 



ICT-HOLD = n) 
y 

ICT-HOLD * dll 
y? operand has the farm 
zero 0»y 



3. 



Ida b,»l 
arg c,n* 
arg d,*<* 
arg y,ql 



( CT-HOLD - xl) 

(CT-HOLD * xki 
Y «• CCXM 



a 

b+C(Xl) 
c 



IdxO b,l» 
arg c,*ic 
arg 5,dl 



(CT-HOLD - ic> 
a ♦ 5 
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1 Tm = RI 
-4 



SIASI 

is turn 
j 



I 




2 


I Td 


-> CT-HOLD 


1 


I 




.2 




1 












* 




1 




I 



1 Indirect Word 1 
1 Fetch 1 
: APPENO CYCLE I 
I t Figure 5-^) ! 
J i 



/ \ 
/ Interpret \ 
\ Indirect TAG / 

\ / 

I 

t 



1 

I n=Td 

I Eff. Addr. = 

S C(TPR.CA) ♦ C(t) 

J 

J 

* 



1 

1 Tm=IR 

Go to 
START 

IE nan. 



: Tm=R or IT 
jk 



i 1 

J c=CT-HOLO I 

I Eff. Addr. = I 

1 CCTP*.CA> * C<c> J 

J L 

I 
* 

. £iia £A 



Figure 6-5 Indirect Then Register Modification Flowchart 



t en Tally (IT) Modificati on 



In Indirect Then Tally modification ITm = 2) the value of Td specifies a 
variation. The inital CfTPR.CAl is used an as Effective Address to fetch an 
Indirect Word. The Indirect Word is interpreted and possibly altered as the 
modification is performed. 

The TALLY field of the Indirect Word is used to count references made to 
the Indirect Word. It has a maximum range of *»096. If the TALLY field has the 
value 0 after a reference to the Indirect Word* the Tally Runout indicator will 
be set ON* otherwise the Tally Runout indicator will be set OFF. The value of 



the TALLY field and the state of the Tally Runout indicator have 
Effective Address formation. 



effect on 



WARNINGS If there is more than one Indirect Word in an indi-ect chain that is 

referenced by a tally counting modification* OTly the state of the 

TALLY field of the last such word will be reflected in the Tally 
Runout indicator. 
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The variations of the Indirect Then Tally modification are given in Table 
6-3 below and explained in cetail in the paragraphs following. See flowchart in 
figure 6-6. Those entries given as "Undefined" cause Illegal Procedure. 
Illegal Modifier Fault. (See "Effective Address Formation Involving Both 
Segment Number and Offset** later in this section for certain special cases.) 



Table 6-3 Variations of Indirect Then Tally Modification 



Td Coding 

v alue Hj3em.0n.ic. Yariirion Name 

0 fl Fault Tag 1 

1 Undefined 
Z Undefined 
3 Undefined 

k sd Subtract Delta 

5 scr Sequence Character Reverse 

6 fZ Fault Tag 2 

7 13 Fault Tag 3 

10 ci Character Indirect 

11 i Indirect 

12 sc Sequence Character 

13 ad Add Del ta 

1<» di Decrement Address* Increment Tally 

15 die Decrement Address* Increment Tally, and Continue 

16 id Increment Address* Decrement Tally 

17 idc Increment Address* Decrement Tally* and Continue 



Fault Tag 1 CTd = 0) 

Effective Address formation is terminated immediately and a Fault Tag 
1 Fault is generated. A Fault Tag 1 Fault executes the Fault Trap 
pair at C ♦ 6 where the value of C is obtained from the FAULT BASE 



switches on the Processor Configuration panel. 

This variation may be used in Indirect Word or program control 
transfer vectors or tree structures to signal invalid entries or 
entries that require special handling. C(TPR.CA) at the time of the 
fault contains the Effective Address of the word containing the Fault 
Tag 1 modification. Thus, the ADDRESS and TALLY fields of that word 
may contain information relative to recovery from the fault. 
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Subtract Delta (Td = «♦) 



The TAG field of the Indirect Word is interpreted as a 6-bit, 
unsigned* positive address increment value* d el ta . For each reference 
to the Indirect Word, the ADDRESS field is reduced Dy del ta and the 
TALLY field is increased by 1 b efore the Effective Address is formed. 
ADDRESS arithmetic is modulo 2**18. TALLY arithmetic is modulo «»096. 
If the TALLY field overflows to 0* the Tally Runout indicator is set 
ON* otherwise it is set OFF, The Effective Address is the value of 
the modified ADDRESS field. 

example: 







Reference 


Ef f ecti ve 


Tal ly 


Lab_£l 


Instruction 


Count. 






a 


1 da b, ad 


1 


c-d 


t + i 


b 


vfd 18/c,12/t,6/d 


2 


c-2d 


t + 2 






3 


c-3d 


t + 3 






• • • 

Q 


c-Qd 


t+n 



Sequence Character Reverse (Td = 5) 

Bit 30 of the TAG field of the Indirect Word is interpreted as a 
character size flag, lb_, with the value 0 indicating 6-bit characters 
and the value i indicating 9-bit characters. Bits 33-35 of the TAG 
field are interpreted as a 3-bit character position counter, c_f_. Bits 
31-32 of the TAG field must be zero. 

For each reference to the Indirect Word, the character counter, c_f_» is 
reduced by 1 and the TALLY field is increased by 1 b efore the 
Effective Address is formed. Character count arithmetic is modulo 6 
for 6-bit characters and modulo k for 9-bit characters. If the 
character count, c_f_» underflows to -1» it is -eset to 5 for 6-bit 
characters or to 3 for 9-bit characters and ADDRESS is reduced by 1. 
ADDRESS arithmetic is modulo 2**18. TALLY arithmetic is modulo <*Q96 a 
If the TALLY field overflows to 0* the Tally Runout indicator is set 
ON, otherwise it is set OFF. The Effective Add-ess is the modified 
value of the ADDRESS field. 

A 36-bit operand is formed by high-order zero filling the value of 
character cl of ADDRESS with an appropriate number of bits. 

EXAMPLES* 









Ref erence 




Effective 


Tally 






Instruct i, oft 


Count 


£l 


Address 


Value 


Operand 


a 


Ida 


b,scr 


1 


2 


c + 1 


t+i 


oo...o M i- 


b 


vfd 


18/c+l,12/t,l/Q, 


5/2 2 


1 


c + 1 


t+2 


0 0... (TH- 


c 


bci 


-ABCDEFGHIJKL- 


3 


0 


c + 1 


t + 3 


IN). .. 0"G~ 








t* 


5 


c 


t+<* 


00...0-F- 
« 








5 
... 


<f 


c 


t+5 


00...0-E" 


a 


Ida 


b, scr 


1 


2 


c+1 


t+1 


Q0...O"g M 


b 


vfd 


19/c+l ,12/t ,1/1, 


5/2 2 


1 


c + 1 


t+2 


O0...Q-f M 


c 


ac i 


"abcdef gh" 


3 


0 


c + 1 


t + 3 


00...0"e" 








i» 


3 


c 


t+*f 


00...0 M d- 








5 


2 


c 


t + 5 


00...0-C- 
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Faul t Tag 2 CTd = 6) 



The action for this variation is identical to that for Fault Tag 1 
except that the Trap Pair at C ♦ 60 (octal) is executed. 

WARNING t Fault Tag 2 is reserved to the Multics operating s/stem for use in the 
Dynamic Linking feature* Its attempted use for otier purposes could 
cause serious system inconsistencies and/or system crashes* 



Faul t Tag 3 CTd = 7) 

The action for this variation is identical to that for Fault Tag 1 
except that the Trap Pair at C ♦ 62 (octal) is executed. 



Character Indirect (Td = 10) 

Bit 30 of the TAG field of the Indirect Word is interpreted as a 
character size flagt It, with the value 0 indicating 6-bit characters 
and the value 1 indicating 9-bit characters. Bits 33-35 of the TAG 
field are interpreted as a 3-bit character position value, cj.. Bits 
31-32 of the TAG field must be zero. 

If the character position value is greater than 5 for 6-bit characters 
or greater than 3 for 9-bit characters, an Illegal Procedure, Illegal 
Modifier Fault Hill occur. The TALLY field is ignored. The Effective 
Address is the value of the ADDRESS field. 

A 36-bit operand is formed by high-order zero filling the value of 
* character d of ADDRESS with an appropriate number of bits. 

EXAMPLES! 



kakfil Instmction Qa&caad 



a 


Ida 


b,ci 






b 


vfd 


18/c+i, 12/0, 1/0, 5/2 


00.. 


.o-i" 


c 


bci 


"ABCDEFGHIJKL" 








Ida 


d,ci 






d 


vfd 


18/c, 12/0, 1/0, 5/1 


00.. 


.0"B" 




Ida 


e,ci 






e 


vfd 


18/f ,12/0,1/1,5/3 


00.. 


.0"d" 


f 


aci 


"abcdetgh" 








Ida 


g.ci 






9 


vfd 


18/f +1,12/0,1/1,5/0 


00.. 


.0"e- 



Indirect (Td = 11) 

The Effective Address is the value of the ADDRESS field. The TALLY 



and TAG fields are ignored. 



Sequence Character (Td = 12) 

Bit 30 of the TAG field of tne Indirect Word is interpreted as a 
character size flag* with the value 0 indicating 6-bit characters 

and the value 1 indicating 9-bit characters. Bits 33-35 of the TAG 
field are interpreted as a 3-bit character position counter, d. Bits 
31-32 of the TAG field must oe zero. 
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Fop each reference to the Indirect Word» the character counter. sl1« is 
increased by 1 and the TALLY field is reduced by 1 a fter the Effective 
Address is formed. Character count arithmetic is modulo 6 for 6-bit 
characters and modulo <♦ lor 9-bit characters. It the character count* 
£l» overflows to 6 for b-bi t characters or to «♦ fo~ 9-bit characters* 
it is reset to 0 and ADORESS is increased by 1. ADDRESS arithmetic is 
modulo 2»*18. TALLY arithmetic is modulo i»09&. If the TALLY field is 
reduced to 0, the Tally Runout indicator is set ON* otherwise it is 
set OFF. The Effective Address is the original unmodified value of 
the ADDRESS field. 

A 36-bit operand is formed by high-order zero filling the value of 
character ct of ADDRESS with an appropriate number of bits. 

EXAMPLES! 





Reference 




Ef f ective 


Tal ly 






Instruction Count 




Address, 


Value 


aoerand 


a 


Ida b,sc 1 


k 


c 


t-l 


00...0-E" 


b 


vtd 13/c,12/t,l/0, 5f* 2 


5 


c 


t-2 


00...0"F- 


c 


bci "ABCDEFGHIJKL- 3 


0 


c+1 


t-3 


0O...0"G" 




t* 


1 


c + 1 


t-i* 


00...0-H" 




5 
... 


2 


c+1 


t-5 


00...0-I" 


a 


Ida btsc 1 


2 


c 


t-l 


0O...D"c" 


b 


vfd 18/c*12/t,l/l,5/2 2 


3 


c 


t-2 


O0...0"d" 


c 


aci "abcdefgh" 3 


0 


c+1 


t-3 


O0...0"e" 




h 


1 


c+1 




OO...fJ~f" 




5 


2 


9*1 


t-5 


0Q...0 M g" 




• • • 











Add Del ta (Td = 13) 



The TAG field of the Indirect Word is interpreted as a 6-bit t 
unsigned* positive address increment value* d el ta . For each reference 
to the Indirect Word* the ADDRESS field is increased by deJLta and the 
TALLY field is reduced by 1 afte r the Effective address is formed. 
ADDRESS arithmetic is modulo 2**18. TALLY arithmetic is modulo VQ96. 
If the TALLY field is reduced to 0* the Tally Runojt indicator is set 
ON* otherwise it is set OFF. The Effective Address is the value of 
the original unmodified ADDRESS field. 

EXAMPLE* 



LabJLL 



IqsJ 



Reference 
Count 



Ef f ective 

iddress 



Tal ly 
Value 



1 da b, ad 

vfd 18/c,l/t,6/d 



c 
c-d 
c-2d 



t-l 
t-2 
t-3 



c- (n-1 >d 



t-n 



Decrement Address* Increment Tally (Td = !<♦) 



For each reference to the Indirect Word* the ADDRESS field is reduced 
by 1 and the TALLY field is increased Dy 1 o ef ore the Effective 
Address is formed. ADDRESS arithmetic is modulo 2**18. TALLY 
arithmetic is modulo <#996. If the TALLY field overflows to 0* the 
Tally Runout indicator is set ON* otherwise it is set OFF. The TAG 
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field of the Indirect Word is gnored. The Effective Address is the 
value of the modified ADDRESS field. 



EXAMPLES 







Ref erence 


Ef f ect i ve 


Tal ly 




Instruction 




Address 




a 


1 da b,di 


1 


c-1 


t + l 


b 


vfd 18/c,12/t 


2 


c-2 


t*2 






3 


c-3 


t*3 






• •• 

0 


c-n 


t*n 



Decrement Address* Increment Tally* and Continue (Td « 15) 

The action for this variation is identical to that for the Oecrement 
Address* Increment Tally variation except that the TAG field of the 
Indirect Word Ls. interpreted and continuation of the indirect chain is 
possible. If the TAG of the Indirect Word invokes a register* that 
is* specifies R* RI* or IR modification* the effective Td value for 
the register is forced to "null" before the next Effective Address is 
f ormed. 

Increment Address* Oecrement Tally (Td = 16) 

For each reference to the Indirect Word, th* ADDRESS field is 
increased by 1 and the TALLY field is reduced by 1 after the Effective 
Address is formed. ADDRESS arithmetic is modulo 2»*18. TALLY 
* arithmetic is modulo <*Q96. If the TALLY field is reduced to 0* the 

Tally Runout indicator is set ON* otherwise it is set OFF. The TAG 
field of the Indirect Word is ignored. The Effective Address is the 
value of the original unmodified ADDRESS field. 

EXAMPLE* 



Instruction 



Reference Effective Tally 
Counl Iddress Value 



I da b, id 
vfd 18/c,l/t 



c 
c-1 
c-2 



t-1 
t-2 
t-3 



c-Cq-1) 



t-n 



Increment Address* Decrement Tally* and Continue (Td = 17) 

The action for this variation is identical to that for the Increment 
Address* Oecrement -Tally variation except that the TAG field of the 
Indirect Word is interpreted and continuation of the indirect chain is 
possible. If the TAG of the Indirect Wore invokes a register, that 



is, specifies R, RI, or IR modification, the effective Td value for 
the register is forced to "null" before the next Effective Address is 
formed. 
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Illegal Procedure* 
1 1 legal Modif ier Fault 

AflflRl 
T 

I Td=undef 

+ >: (1,2,31 

J 



II HQQ 
i 

ft 

/ \ 
/ Interpret \ 
\ Td / 

\ / 

I 

ft 



1 

I Td=ci,sc,scr 
I (10,12,5) 
_ft 



I Td=i ,ad,sd,di,id 
I (11, 13, 16) 



Indirect Word 
Fetch 

APPENO CYCLE 
(Figure 5-k) 



/ \ 
Ho._/ Legal cj.\ 
\ value? / 

\ / 

1 

1 Yes 
1 

I < 

* 



I 



I TALLY and I 

1 form Eft. I 

1 Addr. as 1 

I required i 



1 

I <-- 
♦ 



Indirect Word 
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A 
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I 
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1 

t 



I 



l 



I TALLY and I 
I form Efff. I 
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J L 



l 



/ v 

/ Interpret \ 
\ Indirect TAG/ 

\ / 

I 

ft 



I Tm=R 
I 



I Tm=RI 
Jl 



I 

I Indirect Word 
I Fetch 

1 APPEND CYCLE 
I (Figure 5-W) 

J 

I 



Tm=lR or IT 



t 

So to 
iliSI EA 
(Figjre 6-2) 



Figure 6-6 Indirect Then Tally Modification Flowchart 
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The second type of Address Formation allows formation of a modified Segment 
Number and a modified Offset simultaneously. See Figure 6-10, Effective Segment 
Number Generation Flowchart, for details. 
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Ihe Use of Bit 29 Pi-lDA-lps, true t ion Word 



In the foregoing discussion of Effective Address Formation Involving Offset 
Only it was noted that a preliminary step of loading the ADDRESS field (y> of 
the Instruction Word into C(TPR.CA) was performed before the specified 
modification was carried out. C(TPR.CA) was then used as one data inpjt to the 
modification process. 

If bit 29 of the Instruction Word is set to "l", so-called Pointer Register 
modification is invoked and the preliminary step is executed as follows: 

1. The ADDRESS field of the Instruction Word is interpreted as shown in Figure 
6-7 below* 

2. C(PRfl.SNR) -> C(TPR.TSR) 

3. maximum (C(PRq.RNR), C(TPR.TRR), C(PPR.PRR)) -> C(TPR.TRR) 
<f. C(PRfl.WORONO) ♦ OFFSET -> C(TPR.CA) 



0 0 0 1 
_fl 2_3 L_ 

I 1 } 

I PRq I OFFSET I 

J I L 

3 15 

Figure 6-7 Format of Instruction Word ADDRESS When Bit 29 = 1 

After this preliminary step is performed* Effective Address Formation 
proceeds as discussed above or as discussed for the Special Modifiers below. 

Special nodi tiers 

Whenever the Processor is forming an Append Mode Effective Address two 
special Address Modifiers may be specified and are effective under certain 
restrictive conditions. The special Address Modifiers are siown in Table S-W 
below and discussed in the paragraphs following. 

The conditions for which the special Address Modifiers are effective are as 
f ol I owst 



1. The Processor must be forming an Append Mode Effective Address, that is, it 
must be in Append Mode or in Absolute Mode with bit 29 set in the 
Instruction Word. 

2. The Instruction Word (or previous Indirect Word) must ssecify Indirect Then 
Register or Register Then Indirect modification. 

3. The Effective Address for the Indirect Word must be evei. 
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If any of these conditions is violated* the special Address Modifier Mill 
be interpreted as a normal Address Modifier and will cause at Illegal Procedure, 
Illegal Modifier Fault* 



Table 6-*» Special Append Mode Address Modifiers 

TAG Coding 
lialufi Mofijaonlc. tjod.it. ication Naa& 

M itp Indirect to Pointer 

UZ its Indirect to Segment 



INOIRECT TO POINTER (ITP) MODIFICATION 

If the conditions above are satisfied, the Processor examines the TAG field 
of the Indirect Word for the value fcl (octal)* If that value is found, the 
Indirect Word-pair is interpreted as an ITP Pointer Pair (See Figure 6-8 below 
for format) and the following actions take places 

For n = C(ITP.PRNUM) I 

C(PRn-SNR) -> C(TPR.TSR) 

maximum (C(PRq.RNR), C(SDW.Rl), C (TPR.TRR) ) -> C(TPR.TRR) 
C(ITP.BITNO) -> C(TPR. TBR) 

C(PRq.HORDNO) ♦ C(ITP.WORDNO) f C (c> -> C(TPR.CA) 
where! 

1. c = C(CT-HOLO) if the TAG field of the Instruction Word or 
preceding Indirect Word specified Indirect Then Register 
modification, or 

2. c = C(ITP.MOD*Td) if the TAG field of the Instruction Word or 
preceding Indirect Word specified Register Then Indirect 
modification ajid ITP. MOD specifies either Register or Register 
Then Indirect modification* 

3* SDW.R1 is the upper limit of the read/write Ring Bracket for the 
segment C(PRq.SNR)* (See Section VIII, Hardware Ring 
Imp I em en tat ion* ) 
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Even Word 



0 0 



2 3 



i i j 

SPRNUMJO 000000000000000000000000001 

J 1 L 



27 



CM)8 



Odd Word 
0 



11 2 2 
Z_2 H_l- 



2 2 2 3 
-fc_Z i_JL 



W0R0N0 



I I 

10 0 OS 
J L 



BITNO 



I 1 
10 0 01 
_L L 



MOD 



18 



Figure 6-8 ITP Pointer Pair Format 



Field 
Hams 

PRNUM 



WORONO 

BITNO 

HOD 



tt&aalaa 

The number of the Pointer Register through which to make th< 
segment reference* 

A word offset value to be added to C (PRq. WORONO) • 

A bit offset value for the data item. 

Any normal Address Modifier (nol itp or its)* 



INOIRECT TO SEGMENT (ITS) MODIFICATION 

If the conditions above are satisfied* the Processor examines the TAG field of 
the Indirect Word for the value kZ (octal). If that value is found* the 
Indirect Word-pair is interpreted as an ITS Pointer Pair CSee Figure 6-9 below 
for format) and the following actions take places 

C( ITS. SEGNO) -> CCTPR.TSR) 

maximum (C(ITS.RN), CCSDW.Rl)* CCTPR.TRR)) -> CCTPR.TRR) 

CCITS.BITNO) -> C (TPR.TBR) 

Cf ITS.WORDNO) ♦ C(r.) -> CCTPR.CA) 



wherei 

1. c = C(CT-HOLD) if the TAG field of the Instruction Word or 
preceding Indirect Word specified Indirect Then Register 
modification* or 

2. c = CI ITP.NOD.Td) if the TAG field of the Instruction Word or 
preceding Indirect Word specified Register Then Indirect 
modification and ITP. MOD specifies either Register or Register 
Then Indirect modification. 



REVIEW DRAFT 
SUBJECT TO CHANGE 
October, 1975 



6-13 



AL39 



3. S0W.R1 is the upper limit of the read/write Ring Bracket for the 
segment C ( ITS.SEGN 0) . CSee Section VIII* Hardware Ring 
Implementation*) 



Even Word 

0 0 0 

_fl 2 3,. 

: i 

1 0 0 01 

1 I 



1 1 
-Z_&. 



z z 
Q 1. 



Z 3 
.9_JL 



SEGNO 



rn:o ooooooooi 
i i. 



15 



(l»3)8 



Odd Word 
0 

_fl 



1 1 



2 2 



X.S Li_ 



2 2 2 3 
A_Z UL. 



WOR0N0 



2 I 
10 0 01 
J L 



BITNO 



1 I 
1 0 0 02 
J L 



HOD 



18 



Figure 6-9 ITS Pointer Pair Format 



Field 
Hams. 

SEGNO 
WORONO 
BITNO 
MOD 



H ean|nq 

The number of the segment to be referenced* 

Word offset to be used in the effective address formation* 

The bit offset for the data item* 

Any valid normal Address Modifier* 



ie gnient Number Generation 



The details of Effective Segment Number generation are shown in 
flowchart in Figure 6-10 below* 



the 
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ilABJ. £S.M 
i 
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I No 
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C(TPR.TSR) 
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/ \ 

/ Indirect \ Y es 
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\ / 



NO 



* 

Go to 
"A" 

(Figure 6-10a) 



t \ 
/ RI or IR * \ Yes 
\ TPR.CA even?/ 

V / 



No 



♦ 

So to 
-B- 

(Figjre 6-10a) 



Figure 6-10 Effective Segment Number Generation -lonchart 
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I I 

I t 

I / \ 

I fia./ tag = 

! 1 \ ITS? / J 

I — i - \ / „ ft 

I / \ I C(Y)3,17 -> I 

I / TAG = \ Yes ! CCTPR.TSR) t 
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1 V / * L C(TP&«£AJ L 
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/ \ I CCY+1)0»17 -> I 1 
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/ RTCO 

\ Operand? / I 

\ / ft 

1 I C(Y)3il7 -> I 

I NO i CCPPR.PRR) I 

» i cmi)o«i7 -> i 

/ CALL 6 or \_l£S J 

\ Transfer / I 1 

Ooerand. ^ CCTPR.TSR) ->"7 1 

1 No ! CCPPR.PSR) I I 

t i CCTPR.CA) -> I 1 

/ APU data \_Na 1 1 

\ movement? / i ! I 

i * 

I Yes EMQ. ESA 

Go to 



Execute 
Cycle 



Figure 6-lfla Effective Segment Number Generation Flowchart CCon't.l 



EFFECTIVE AaPKESS FQRHAI1Q.N FQR, EXTEN3SQ INSTRUCTION, SEI 



A flowchart of the steps involved in Operand Descriptar Effective Address 
Formation is shown in Figure 6-11 below. Tne flowchart depicts the Effective 
Address Formation for operand & as described by its Modification Field* MFJi. 
This Effective Address Formation is performed for each opera-id as its Operand 
Descriptor is decoded. 
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S.IA&I 
£13 £A 
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\ / 
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! 

♦ 



I Q=nuJ I 
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1 2 
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I 
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EMU 
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Figure 6-11 EIS Effective Adress Formation Flowchart 



NOTE II The symbol "Y" stands for the contents of the AD0*ESS field of the 
Operand Descriptor, The symbols "CN" and "C" stand for the contents 
of the Character Number field. The symbol "B" stands for the contents 
of the Bit Number field. 

NOTE 2» The algorithms used in the formation of the Effective Word/Char/Bit 
Address are described in "Character- and Bit-String Addressing" 
f of lorting. 
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Character- and Bit-SttULnq Addressing 



The Processor represents the Effective Address of a character- or 
bit-string operand in three different forms as follows: 



1. Pointer Register Form 

This form consists of a word value (PRn.wORDNO) and a bit value 
(PRfl.BITNO) . The word value is the word offset of the word containing 
the first character or bit of tne operand and the ait value is the bit 
position of that character or bit within the word. This form is seen 
when C(PRq) are stored as an ITS Pointer Pair or as a Packed Pointer 
CSee "Indirect to Segment Cits) Modification" earlier in this 
Section}* 



2. Address Register Form 

This form consists of a word value ( ARq.WORDNO) , a character number 
C ARfl.CHAR) t and a bit value (ARq.BITNO). The word value is the word 
offset of the word containing the first character or bit of the 
operand. The character number is the number of tne 9-bit character 
containing the first character or bit* The bit aalue is the bit bit 
position within ARq*CHAR of the first character or bit* This form is 
seen when C(ARq) are stored with the Store Address Register q ( SARq) 
instruction* 

3* Operand Descriptor Form 

» This form is valid for character-string operands only* It consists of 
a word value (ADDRESS) and a character number (CN). The word value is 
the word offset of the word containing the first character of the 
operand and the character number is the number of that character 
within the word* This form is seen when C(ARq) is stored with the ARn 
to Alphanumeric Descriptor ( ARAq) or ARq to Numeric Descriptor (ARNn) 
instructions* CThe Operand Descriptor form for bit-string operands is 
identical to the Address Register form.) 



NOTES The terms "Pointer Register** and "Address Register" both apply to the 

same physical hardware register* The distinction arises from the 
manner in which the register is invoked and used and in the 
interpretation of the register contents. "Pointer Register" refers to 
the register as used by the Appending Unit and "Address Register" 
refers to the register as used by the Decimal unit* 



The three forms are compatible and may be freely intermixed. For example* 
PRq may be loaded in Pointer Register form with the Effective Pointer to PRq 
(EPPq) instruction, then modified in Pointer Register form *ith the Effective 
Address to Word/Bit Number of PRq (EAWPq)* then further modified in Address 
Register form (assuming character size kj with the Add JhL-Bit Displacement to 



Address Register (A&BD) instruction* and finally invoked it Operand Descriptor 
form by the use of NF.AR in an EIS Multiword instruction* 



Character- and Bit-String Address-Arithmetic Algorithms 

The arithmetic algorithms for calculating characte-- and bit-string 
addresses are presented below. The symbols "ADDRESS" ani "CN" represent the 
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ADDRESS and CN fields of the Operand Descriptor being decoded. "c" and "q" are 
set according to the flowchart in Figure 6-11 above. If either has the value 
"nuH'S the contents of all fields shown is identically zero. 

9-BIT CHARACTER STRING ADDRESS ARITHMETIC 
Effective BITNO * 0000 

Effective CHAR = (CN ♦ C(ARQ.CHAR) ♦ C (c.) ) modulo k 

Effective WORDNO * ADDRESS ♦ C IARq. WORDNO) ♦ 

(CN ♦ C(ARq.CHAR) + C(c)) / «» 

6-BIT CHARACTER STRING ADDRESS ARITHMETIC 

Effective BITNO * (9»C ( ARq.CHAR) ♦ 6»C(c> ♦ C(ARq.BITNO) I modulo 9 

Effective CHAR = ( (9»C ( ARq.CHAR) ♦ 6»C(q) ♦ C( ARq.BITNO) ) modulo 36) / 9 

Effective WORDNO = ADDRESS ♦ C (ARq. WORDNO) ♦ 

(9*C(ARq.CHAR) ♦ 6»C(q) ♦ C ( ARq. BITYO) ) / 36 

k-BIT CHARACTER STRING ADDRESS ARITHMETIC 

Effective BITNO ' k * (C(ARq.CHAR) ♦ 2»C(q) * C (ARq. BITN3 ) /k) modulo 2*1 

Effective CHAR * ( f 9*C (ARq. CHAR) ♦ i»»C(q) ♦ C( ARq. 3ITN0) ) modulo 36) / 9 

Effective WORDNO = ADDRESS ♦ C (ARq. WORDNO) ♦ 

(9*C(ARq.CHAR) ♦ «**C(Q) ♦ C(ARq.BIT^O)) / 36 

BIT STRING ADORESS ARITHMETIC 

Effective BITNO ~ (9*C ( ARq.CHAR) ♦ 36»C(Q) ♦ C ( ARq. BITNO) ) modulo 9 

Effective CHAR = ( (9»C (ARq.CHAR) ♦ 36»C(r.) «• C ( ARq. BITN3 ) ) modulo 36) / 9 

Effective WORONO - ADDRESS ♦ C ( ARq. WORDN 0) ♦ 

(9*C(ARq.CHAR) ♦ 36»C(C> ♦ C( ARq. BITNO) ) / 36 
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SECTION VII 



FAULTS AND INTERRUPTS 



Faults and Interrupts both result in an interruption of normal sequential 
processing f but tnere is a difference in how they originate. Generally* Faults 
are caused by events or conditions that are internal to the Processor and 
Interrupts are caused by events or conditions that a~e external to the 
Processor* Faults and Interrupts enable the Processor to respond promptly «hen 
conditions occur that require system attention* A unique word-pair is dedicated 
for the instructions to service each Fault and Interrupt condition* The 
instruction pair associated with a Fault is called the Fault Vector. The 
instruction pair associated with an Interrupt is called the Interrupt Vector* 



F A UL T CY CLE-SEQUENCE 



^Following the detection of a Fault condition* the Control Unit determines 
the proper time to initiate the Fault Sequence according to the Fault Group* At 
that time* the Control Unit interrupts normal sequential processing with an 
Abort Cycle* The Abort Cycle brings all overlapped and asynchronous functions 
within the Processor to an orderly halt. At the end of the Abort Cycle* the 
Control Unit initiates a Fault Cycle. 



In the Fault Cycle* the Processor safe-stores the Control Unit Data (See 
Section IV* Program Accessible Registers) into program-invisible holding 
registers in preparation for a Store Control Unit (SCU) instruction, then enters 
Temporary Absolute Mode and generates an Effective Address for the Fault Vector 
by concatenating the setting of the FAULT CONTROL switches on the Processor 
Maintenance panel with twice the Fault Number (See Table 7-1) • This Effective 
Address and the Operation Code for the Execute Double (<ED) instruction are 
forced into the Instruction Register and executed as an instruction* Note that 
the execution of the instruction is not done in a normal Execute Cycle but in 
the Fault Cycle with the Processor in Temporary Absolute Mods. 



If the attempt to fetch and execute the instruction oair at the Fault 
Vector results in another Fault, the current Fault Cycle is aborted and a new 
Fault Cycle for the Trouble Fault (Fault Number 31) is initiated. In the Fault 
Cycle for a Trouble Fault, the Processor does not safe-store the Control Unit 



Data. Therefore, it may be possible to recover the conditions for the original 
Fault by use of the Store Control Unit (SCU) instruction. 

If either of the two instructions in the Fault Vector results in a transfer 
of control to an Effective Address generated in Absolute Mode, the Absolute Node 
indicator is set ON for the transfer and remains ON thereafter until changed by 
program action. 
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If either of the two instructions in the Fault Vector results in a transfer 
of control to an Effective Address generated in Append Mode (through the use of 
bit 29 of the instruction word or by use of the itp or i tp modifiers)* the 
transfer is made in the Normal Mode and and the Processor reaains in Normal Mode 
thereafter. 



If no transfer of control takes place* the Processor returns to the mode in 
effect at the time of the Fault and resumes normal sequential execution with the 
instruction following the Faulting instruction CC(PPR.IC) ♦ 1). 



Many of the Fault conditions are deliberately or inadvertently caused by 
the software and do not necessarily involve error conditions. The operating 
supervisor determines the proper action for each Fault condition by analyzing 
the machine conditions at the time of the Fault. Therefare, it is necessary 
that the first instruction in each of the Fault Vectors be the Store Control 
Unit (SCU) instruction and the second be a transfer to a rojtine to analyze the 
machine conditions. If a Fault condition is to be intentioia 1 1 y ignored* the 
Fault Vector for that condition should contain an SCU/RCJ pair referencing a 
unique Y-blocK8. By use of this pair* the machine conditions for the ignored 
Fault condition may be recovered if the ignored Fault causes a Trouble Fault. 



FAULT PRIORITY 



The Multics Processor has provision for 32 Faults of which 27 are 
implemented. The Faults are classified into seven Fault Priority Groups that 
roughly correspond to the severity of the Faults. Fault Priority Groups are 
defined so that Fault recognition precedence may be established when two or more 
Faults exist concurrently. Overlap and asynchronous functions in the Processor 
allow the simultaneous occurrence of Faults. Group 1 has the highest priority 
and Group 7 has the lowest. In Groups 1 through 6, only one Fault within each 
Group is allowed to be active at any one time. The first Fajlt within a Group 
occuring through the normal program sequence is the one serviced. 



In Group 7 Faults are saved by the hardware for eventual recognition. In 
the case of simultaneous Faults witnin group 7, Shutdown has the highest 
priority, Timer Runout is next, and Connect has the lowest priority. 



There is a single exception to the handling of Faults in Priority Group 
order. If an operand fetch generates a Parity Fault and the use of the operand 
in "closing out" instruction execution generates an Overflow Fault or a Divide 
Check Fault, these Faults are considered simultaneous but the Parity Fault takes 
precedence. 
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Table 7-1. List of Faults 



OCTAL DECIMAL 

NUMBER NUMBER MNEMONIC NAttE PRIORITY' 3RQUP 



0 


0 


sd f 


Shutdown 




27 


•* 
7 


1 


1 


str 


Store 




10 


i 

k 


2 


2 


mme 


Master Mode Entry 


1 


11 


5 


3 


3 


f 1 


Fault Tag 1 




17 


5 


*» 


j 

H 


tro 


Timer Runout 




26 


7 


5 


5 


end 


Command 




9 




6 


6 


dr 1 


Oerai 1 




15 


5 


7 


7 


1 uf 


Lockup 




5 


*» 


10 


8 


con 


Connect 




25 


7 


11 


9 


par 


Parity 




8 


<» 


12 


10 


ipr 


Illegal Procedure 




lo 


5 


13 


11 


one 


Op Not Complete 




k 


2 


14 


12 


suf 


Start up 




1 


1 


15 


13 


of 1 


Overt 1 om 




7 


3 


16 


1<» 


di v 


Oivide Check 




6 


3 


17 


15 


exf 


Execute 




2 


1 


20 


16 


df 0 


Directed Fault 0 




20 


6 


21 


17 


df 1 


Directed Faul t 1 




21 


6 


22 


18 


df 2 


Directed Fault 2 




22 


6 


23 


19 


df 3 


Directed Fault 3 




23 


6 


2<* 


20 


ac v 


Access Violation 




ZU 


6 


25 


21 


mme2 


Master Mode Entry 


2 


12 


5 


26 


22 


mme3 


Master Mode Entry 


3 


13 


5 


27 


23 


mm e*f 


Master Mode Entry 


k 


1<» 


5 


30 


2* 


f2 


Fault Tag 2 




18 


5 


31 


25 


13 


Fault Tag 3 




19 


5 


32* 


26 




Unass igned 








33 


27 




Unass igned 








3<» 


28 




Unass igned 








35 


29 




Unass igned 








36 


30 




Unass igned 








37 


31 


trb 


Troub 1 e 




3 


2 



FAULT RECOGNITIO N 



For the discussion following* the term "function" is defined as a major 
Processor functional cycle. Examples are I APPEND CYCLE* EA CYCLE. Instruction 
Fetch Cycle* Operand Store Cycle* Divide Execution Cycle. 

Faults in Groups 1 and 2 cause the Processor to aoort all functions 
immediately by initializing itself and enter a Fault Cycle. 



Faults in Group 3 cause the Processor to "close out" current functions 
without taking any irrevocable action (such as setting PTW.J in an APPEND CYCLE 



or modifying an Indirect Word in an EA CYCLE)* then to discard any pending 
functions (such as an APPEN0 CYCLE needed during an EA CY2LE) * and to enter a 
Fault Cycle. 



Faults in Group *♦ cause the Processor to suspend overlapped ooeration, 
complete current and pending functions for the current instruction* and then 
enter a Fault Cycle. 
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Faults in groups 5 or 6 are normally detected during Uddress Preparation 
and Instruction Decode. These Faults cause the Processor to suspend overlapped 
operation v complete the current and pending instructions* and to enter a Fault 
Cycle* It a Fault in a higher Priority Group is generated by the execution of 
the current or pending instructions, that higher priorit/ Fault will take 
precedence and the Group 5 or 6 Fault will be lost. It a G-oup 5 or 6 Fault is 
detected during execution of the current instruction, (for example, an Access 
Violation, Out of Segment Bounds Fault during certain interruptab le EIS 
instructions), the instruction is considered "complete" upon detection of the 
Faul t. 

Faults in Group 7 are held and processed Iwith Program Interrupts) at the 
completion of the current instruction pair. Group 7 Faults are inibitable by 
use of bit 28 of the Instruction Word. 

Faults in Groups 3 through 6 must wait for the System Controller to 
acknowledge the last access request before entering the Fault Cycle. 



UPTIQttS 



G roup 1 Faults 
Startup 



Execute 



DC POWER has been turned on. When the POWER ON button is depressed, 
the Processor is first initialized and then the Startup Fault is 
recognized. 



1* The EXECUTE pushbutton on the Processor maintenance panel has 
been pressed. 

2. An external gate signal has been substituted the EXECUTE 
pushbutton. for EXECUTE pushbutton. 

The selection between the above conditions is made by settings of 
verious switches on the Processor Maintenance panel. 



JLLS 

Op Not Cosplete 



Any of the following will cause an Op Not Complete Faulti 

1. The Processor has addressed a System Controller to which it is 
not attached. 

2. The addressed System Controller failed to acknowledge the 
Processor. 

3. The Processor has not generated a main store access request or a 
direct operand within 1 to 2 milliseconds ar*d is not in the DIS 
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state. 



A Processor port received a data strobe without a preceding 
acknowledgement from the System Controller that it has received 
the access request. 



A Processor port received a data 
previously sent to it was unloaded* 



strobe before the 



data 



Troubl e 



The Trouble Fault is defined as the occurrence of a Fault during the 
fetch or execution of a Fault Vector or Interrupt Vector, Such Fajfts 
may be hardware generated (for example. Op Not Complete or Parity), or 
operating system* generated (for example, the page containing the 
effective address of an instruction is missing)* 



Overf I om 



An arithmetic overflow*, exponent overflow, or exponent underflow has 
been generated* The generation of this Fault is inhibited with the 
Overflow Mask indicator set ON* Subsequent resetting of the Overflow 
Mask indicator to OFF does not generate this Fault from previously set 
Overflow indicators* The Overf I o w Faul t Mask state does not affect 
the setting, testing or storing of indicators* The determinatior of 
the specific overflow condition is by indicator testing by the control 
program* 



Divide Check 



A Divide Check Fault occurs when the actual division cannot be carried 
out for one of the reasons specified with individual divide 
instruct ions* 



Store 



The Processor attempted to select a disabled pet* an out-of-bounds 
address was generated in the BAR Mode or Absolute lode, or an attempt 
was made to access a store unit that was not ready* 



Command 



1. The Processor attempted to load or read the Interrupt Mask 
Register in a System Controller in whic-» it did not have an 
Interrupt Mask assigned* 

2. The Processor issued an XEC command to a System Controller in 
which it did not have an Interrupt Mask assigned. 

3* The Processor issued a Connect to a System Controller port that 
is masked OFF* 
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k* The selected System Controller is in TEST mode and a condition 
determined by certain System Controller Maintenace panel switches 
has been trapped* 

5* An attempt was made to load a Pointer Register with Packed 
Pointer data in which the 8ITN0 field value was greater than 60 
octal • 



Lockup 



Parity 



The program is in a code sequence which has inhibited sampling for an 
external interrupt (whether present or not) or Group 7 Fault for 
longer than the prescribed time. In Absolute Mode or Privileged Mode 
the lockup time is 32 milliseconds. In Normal Mode or BAR Mode the 
lockup time is specified by the setting of the Lockup Timer in the 
Cache Mode Register. The Lock Timer is program settable to 2* <»« 8. 
or 16 milliseconds* 

While in Absolute Mode or Privileged Mode the Lockup Fault is 
signalled at the end of the time limit set in the Lockup Timer but is 
not recognized until the 32 millisecond limit. If the Processor 
returns to Normal Mode or BAR Mode after the Fault has been signalled 
but before the 32 millisecond limit, the Fault is recognized before 
any instruction in the new mode is executed. 



1. The selected System Controller has returned an Illegal Action 
signal with an II legal Action Code for one of the various main 
store parity error conditions* 

2. A Cache data parity error has occurred either for read* write* or 
block load* Cache status bits for the condition have been set in 
the Cache Mode Register* 

3* The Processor has detected a parity error in the System 
Controller interface port while either generating outgoing parity 
or verifying incoming parity* 



dr quo 2 Faults 

Master Mode Entries 1-^ 

The corresponding Master Mode Entry instruction has been decoded. 

Faul t Tags 1-3 

The corresponding Indirect Then Tally variation designator has been 



Derail 



detected during Address Preparation* 



The Derail instruction has been decoded. 



Illegal Procedure 
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1. An illegal operation code has been decoded or an illegal 

instruction sequence has been encountered. 

2. An illegal modifier or modifier sequence has been encountered 

during Address Preparation* 

3. An illegal address has been given in an instruction that the 
ADDRESS field for register selection. 

i». An attempt was made to execute a privileged instruction in Normal 
Mode or BAR Mode.. 

5. An illegal digit was encountered in a Decimal Numeric operand. 

The conditions for the Fault will be set in the Fajlt Register. Word 1 
of the Control Unit Data, or in both. 



A faulted Segment Descriptor Word (SOW ) or Page Table Word IPTWI with 
the corresponding Directed Fault number has been fetched by the 
Appending Unit. 



The Appending Unit has detected one of the several access violations 
below. Word 1 of the Control Unit Oata contains status bits for the 
condition. 

1. Not in read bracket CACV3=0RB) 

2. Not in write bracket fACV5=0WB) 

3. Not in execute bracket <ACVi=OEB> 
Um No read permission ( ACV«»=R-OFF) 

5. No write permission CACV6=W-0FF) 

6. No execute permission IACV2=E-0FF) 

7. Invalid ring crossing (ACV12=CRT) 
6. Call limiter fault (ACV7-N0 GA) 
9. Outward call (ACV9-0CALL) 

10. Bad outward call (ACV1Q=B0C> 

11. Inward return f ACV11=INRET ) 

12. Ring alarm IACV13=RALR> 

13. Associative Memory error 
ihm Out of segment bounds 

15. Illegal ring order <ACV0=IRO> 

16. Out of call brackets (ACV8=0CB) 



An external power shutdown condition has been detected. DC POWER 
shutdown will occur in approximately one mi 1 1 i second. 




Directed Faults 0-3 



Access Violation 




Shutdown 
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Timer Runout 



The Timer Register has decremented to or through Me value zero* It 
the Processor is in Privileged Mode or ADsolute lode, recognition of 
this Fault is delayed until a return to Normal Mode or BAR Mode, 
Counting in the Timer Register continues* 



Connect 

A connect signal (SCON strobe) has been received from a System 

Controller* This event is to be distinguished Iron a CIOC (connect) 

instruction encountered in the program sequence* 



P.RQ&.RA H INT ERRUPTS AND-EXTERNAL fAULIS 



Each System Controller contains 32 Execute Interrupt Cells that are used 
for communication among the active system modules (Processors, I/O Multiplexers, 
etc.)* The Execute Interrupt Cells are organized in a numbered priority chain. 
Any active system module connected to a System Controller port may request the 
setting of an Execute Interrupt Cell with the SXC command. 



When one or more Execute Interrupt Cells in a System Controller is set, the 
System Controller activates the Execute Interrupt Present (XIP) line to all 
System Controller ports having an Execute Interrupt Mask assigned in which one 
or more of the Execute Interrupt Cells that are set is unmasked* Execute 
Interrupt Masks are assigned only to Processors. Each Execjte Interrupt Cell 
has % a unique Interrupt Vector located at an Absolute Address equal to twice the 
eel I * number. 



Execute Interrupt. Sampling 



The Processor always fetches instructions in pairs* At an appropriate 
point (as early as possible) in the execution of a pair of instructions, the 
next sequential instruction pair is fetched and held in a special instruction 
buffer register* The exact point depends on instruction sequence and other 
conditions* 



If the Interrupt Inhibit Bit (bit 28) is not set in the current instruction 
word at the point of next sequential instruction address preparation, the 
Processor samples the Group 7 Faults* If any of the Grouo 7 Faults Is found, 
the next sequential instruction pair is not fetched and an internal flag is set 
reflecting the presence of the Fault. The Processor next samples the Execute 
Interrupt Present lines from all eight Processor ports and loads a register with 
bits coresponding to the states of the lines. If any bit in the register is set 
ON, the next sequential instruction pair is not fetched and an internal flag is 



set reflecting the presence of the bit(s) in the register* 



NOTE: If the instruction pair address is being prepared as the result of a 

transfer of control condition or if the current instruction is Execute 
(XEC), Execute Oouble ( XED) , Repeat (RPT), Repeat Double (RPD), or 
Repeat Link (RPD, the Group 7 Faults and Execute Interrupt Present 
lines are qo! sampled* 
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At the completion of the current instruction o_aic. (it no transfer of 
control has occurred! and the Processor is ready for the next instruction pair 
and the Group 7 Fault flag is set, the Processor will enter a Fault Cycle tor 
the highest priority Group 7 Fault present* 

At the completion of the current instruction aaic (it no transfer of 
control has occurred) and the Processor is ready for the next instruction pair 
and the Execute Interrupt Present flag is set» the Processor Mill enter an 
Execute Interrupt Cycle. 



i-SLequenca. 

In the Execute Interrupt Cycle, the Processor safe-stores the Control Unit 
Data (See Section IV, Program Accessible Registers) into program-invisible 
holding registers in preparation for a Store Control Unit (SCU) instruction, 
then enters Temporary Absolute Mode. It then issues an XEC command to the 
System Controller on the highest priority port for which there is a bit set in 
the Execute Interupt Present register. 

The selected System Controller responds by clearing its highest priority 
Execute Interrupt Cell and returning the Interrupt Vector address for that cell 
to the Processor. 



NOTES If there is no Execute Interrupt Cell set in the selected System 

Controller (implying that all have been cleared in response to XEC 
commands from other Processors), the System Controller will return the 
address value 1 which is not a valid Interrupt Vector address. The 
Processor senses this value, aborts the Execute Interrupt Cycle, and 
returns to normal sequential instruction processing* 



The Interrupt Vector address returned and the Operation Code for the Execute 
Oouble (XEO) instruction are forced into the Instruction Register and executed 
as an instruction. Note that the execution of the instruction is not done in a 
normal Execute Cycle but in the Execute Interrupt Cycle with the Processor in 
Temporary Absolute Mode. 

If the attempt to fetch and execute the instruction pair at the Interrupt 
Vector results in a Fault, the Execute Inerrupt Cycle is aborted and a Fault 
Cycle for the Trouble Fault (Fault Number 31) is initiated. In the Fault Cycle 
for a Trouble Fault, the Processor does not safe-store the Control Unit Data. 
Therefore, it may be possible to recover the conditions for the Execute 
Interrupt by use of the Store Control Unit (SCU) instruction. 



If either of the two instructions in the interrupt Vector results in a 
transfer of control to an Effective Address generated in Absolute Mode, the 
Absolute Mode indicator is set ON for the transfer and remains ON thereafter 
until changed by program action. 

If either of the two instructions in the Interrupt Vector results in a 
transfer of control to an Effective Address generated in Append Mode (through 
the use of bit 29 of the instruction word or by use of the ito or itD 
modifiers), the transfer is made in the Normal Mode and and the Processor 
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remains in Normal Mode thereafter. 



If no transfer of control takes place, the Processor returns to the mode in 
effect at the time of the fault and resumes normal sequential execution with the 
instruction following the interrupted instruction (CCPPR.IC) ♦ 1). 



NOTES Oue the time required for many of the EIS data movement instructions, 

additional Group 7 Fault and Execute Interrupt present sampling is 
done during these instructions. After the initial load of the Decimal 
Unit input data buffer, Group 7 Faults and Execute Interrupt Present 
are sampl ing for each input operand address preparation* The 
instruction in execution is interrupted before the operand is fetched 
and flags are set into Control Unit Data to signal the restart of the 
instruction. 
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SECTION VIII 
HARDWARE RING IMPLEMENTATION 



R ING PR OTEC TION PHILOSOPHY 



The basic concept in the ring protection philosophy is the existence of a 
set of hierarchical levels of protection. A graphic representation of the 
concept may be given by a set of N consecutive circles* numbered Q»l*2» • ••* N-l 
from the inside out. The space included in circle 0 is called ring 0* the space 
included between circle i-1 and i is called ring i. Any segment in the system 
is placed in one and only one ring. The closer a segment to the center* the 
greater its protection and access privileges. 



When a process is executing a procedure segment placed in ring R* the 
process is said to be in ring R or also it is said that the current ring of the 
process is ring R. A process in ring R potentially has access to any segment 
located in ring R and in outer rings. The word "potential 1 y" is used because 
the f«inal decision is subject to what access rights (read, wri te»execute) the 
user has for the given segment. On the other hand* this sane process in ring R 
has no access to any segment located in inner rings* except to special 
procedures called "gates."* Gates are procedures residing in a given ring and 
intended to provide controlled access to this ring. A process that is in ring R 
can enter an inner ring r only by calling one of the gate prjcedures associated 
with this inner ring r. Gates must be carefully coded and must not trust any 
data that has been manufactured or modified by the caller in a less privileged 
ring. In particular* they must validate all arguments passed to them by the 
caller so as not to compromise the protection of any segment residing in the 
inner ring. 



Calls from an outer ring to an inner ring are referred to as "inward 
calls." They are associated with an increase in the access capability of the 
process and are controlled by gates. On the other hand* calls from an inner 
ring to an outer ring, referred to as "outward calls" are associated with a 
decrease in the access capaoility of the process and do not need to be 
contro I I ed. 



B.IM6 PRQTECII QN IN dULlICS 



The ring protection designed for tha Multics System uses the philosophy 
described above* but a few points have been altered in order to obtain more 
flexibility and better efficiency. 
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First, the assignment of a segment to one and only one ring, although 
sufficient to implement the solution of the protection oroblem, may be very 
inconvenient for a class of procedure segments* such as the library routines. 
Such procedures operate correctly in whatever ring the process is at the time 
they are called; they need no more access than the caller, and tney might not 
perform correctly with less access than the caller. One solution could have 
been to have one copy of the library in each ring. Instead* the solution 
adopted by Hultics was to relax the condition that a segment can be assigned to 
only one ring and allow a procedure segment to be assigned to a set of 
consecutive rings defined by two integers (rl» r2l, with rl <= r2. Such a 
procedure now, resides in rings rl to r2» If it is called from ring R such that 
rl < = R <- r2» then it behaves as if it were in ring R, and executes without 
changing the current ring of the process. If it is called from ring R such that 
R > r2, then it behaves I ikes a gate associated with ring r2, accepting the call 
as an Inward Call and decreasing the current ring of the p~ocess from R to r2. 
Upon return to the caller, the current ring is restored to R, of course. Note 
that by allowing the multiple ring residency for a procedure segment, the 
current ring of a process is no longer defined by the procedure in execution* a 
new variable must be introduced to Keep track of the value of the current ring. 

Second, it was found desirable to be able to specify the maximum ring 
number from which a given gate was allowed to be called. And a third integer r3 
was added to the pair of integers already associated *ith a segment. Any 
procedure segment, now, is associated with tnree ring numoers (rl, r2, r3) 
called its "ring brackets", such that rl <= r2 <= r3. By convention, if 
r3 > r2» the procedure is a gate for ring r2, accessible fro» rings no higher 
than r3; if r2 = r3, tne procedure is not a gate. 

Third, it Has found useful to relax, also for data segients, the condition 
that„they be assigned to only one ring. One would like to b3 able to specify 
that a segment resides in ring rl for "write" purposes bjt resides in a less 
privileged ring r2 for "read" purposes. 

Fourth, several difficulties were encountered in the implementation of 
outward calls and their associated returns. Because outward calls were not 
found essential for implementing the Hultics system, they we-e simply declared 
illegal, and as a result, a procedure with ring brackets (rl, r2, r3) cannot be 
called from a ring R such that R < rl. 

In summary, the operations that are potentially permitted to a process in 
ring R on a segment whose ring brackets are (rl, r2, r3) are as follows* 

Write t if 0 <- R <= r 1 

Read x if 0 <= R <- r2 

Execute » if rl <= R <= p2 (Execution in ring R) 

Inward call s if r2 < R <= r3 (Execution in ring r2) 

The attempted operations are permitted if, in addition, the user has the 
appropriate access rights (read, write, execute) on that segment. 



Ill PN IN THE HULLICS ESQCESSflR 



The Multics Processor offers hardware support for the implementation of the 

i r-^ rina orn t or* t i nn. A n »r» t iru i ar pf f nrt w »<: marie* tn m i n i mi 7i> thp nu*» r~h ^ a rl 



Multics ring protection. A particular effort was made to minimize the overhead 
associated witn all authorized ring crossings, which the processor performs 
without operating system intervention, and to minimize the overhead associated 
with the validation of arguments* for which the processor provides a valuable 
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assistance 



The rumber of rings available in the processor is eight, numbered from 0 to 
7, The current ring R of a process is recorded in a hardware register 
CPPR.PRR). 



The ring brackets (rl, r2, r3) of a Segment are recarded in the Segment 
Descriptor Word (SOW) used by the hardware to access the segment. In addition, 
the SOW contains the number of gates (SDW.CL) existing in the segment. The 
hardware assumes that all gates are located from word 0 to ward (CL-1) and does 
not accept an inward call to this segment if the word number specified in the 
call is greater than (CL-1). The reason for this control is to prevent a 
malicious user from generating a call that would transfer control to any machine 
instruction of the gate procedure* (Such a call would defeat the purpose of the 
gate.) The SOW also contains the access rights (read, write, execute) that the 
user has on that segment* If the same segment is used by several processes* 
there is an SOW describing the segment in the Descriator Segment of each 
process. In all SOWs pointing to the Same segment, the values of rl, r2, r3 and 
CL are identical since they are user independent* The value of the access 
rights (read, write, execute) are not necessarily the same because they are user 
dependent* 



In order to provide assistance in argument validation, any pointer, being 
stored into an ITS Pointer Pair or loaded into a Pointer Register, also contains 
a ring number* Although the hardware does not prevent a process from writing 
any ring number in an ITS Pointer Pair* it ensures that, if (rl, r2, r3) are the 
ring brackets of the segment in which the ITS Pointer Pair is located, the ring 
number field of this ITS Pointer Pair can be set or modified only from ring R 
such* that R <= rl. As for the ring number recorded in a Pointer Register* the 
hardware ensures that a process in ring R can set it to a value equal to or 
greater than R, but never smaller* 



During the execution of a machine instruction, the hardware may examine 
several SOWS* ITS Pointer Pairs and Pointer Registers. For any given such 
examination* the hardware records the maximum of the current ring, the rl value 
found in an SOW* the ring number found in an ITS Pointer Pair, or the ring 
number found in an Pointer Register* This maximum, called the Temporary Ring 
Number, is kept in a hardware register (TPR.TRR) that is updated each such 
examination* 



The reason for having this Temporary Ring Number available at any point of 
a machine instruction is because it represents the highest ring (least 
privileged) that might have created or modified any information that led the 
hardware to the target segment it is about to reference* Although the current 
ring is R, the hardware uses the most pessimistic approach and pretends the 
current ring is C(TPR.TRR), which is always equal to or greater than R. Thus 
the hardware uses C(TPR.TRR) instead of R in all comparisions with the ring 
brackets involved in the enforcement of the ring protection rules given in the 
previous paragraph* 



The use of C (TPR.TRR) by the hardware allows the gate procedures to rely on 
the hardware to perform the validation of all addresses passed to the gate by 
the less privileged ring. The general rule enforced here by the hardware 
regarding argument validation can be stated as follows: whenever an inner ring 
performs an operation on a given segment and references that segment through 
pointers manufactured by an outer ring, the operation is considered valid only 
if it could have been performed while in the outer ring. 
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APPENDING U NIT O PERATION WITH R ING MECHANISM 



The complete flowchart for Effective Segment Number generation* including 
the hardware ring mechanism, is shown in Figure 8-1 below. See the description 
of the Access Violation Fault in Section VII of this document for the meanings 
of the coded faults. The current instruction is in the Instruction Working 
Buffer (1MB). 
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Figure 8-1 Complete Appending unit Operation Flawchart 
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Figure 8-la Complete Appending Unit Operation Flowchart fcon't*) 
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Figure 8-lb Complete Appending Unit Operation Flowchart (con - t.) 
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Figure 8-ic Complete Appending Unit Operation Flowchart (con*t.) 
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Figure 8-ld Complete Appending Unit Operation Flowchart (con't.) 
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Figure 8-ie Complete Appending Unit Operation Flowchart tcon't.) 
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Figure 8-lt Complete Appending Unit Operation Flowchart (con't,) 
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Figure 8-lh Complete Appending Unit Operation Flowchart (con't.) 
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Figute 8-li Complete Appending Unit Operation Flowchart (con't.) 
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Figure 8-11 Complete Appending Unit Operation Flowchart (con't.) 
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Figure 8-lk Complete Appending Unit Operation Flowchart {can't.) 
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SECTION IX 



CACHE STORE OPERATION 



The Hultics processor may be fitted xlth an optional Cache Store* The operation of this Cache Store is 
described in this section. 



PHILOSOPHY ttF CAcae._s.ip.fte. 



The Cache Store is a high speed buffer store 
located within the Processor that Is intended to hold operands and/or instructions 
in expectation of their immediate use. . t 

This concept is different from that of holding a single operand (such as the Divisor lor a Divide 
instruction) in the Processor during execution of a single Instruction. 
A Cache Store depends on the Locality of Reference Principle. 
Locality of Reference involves the calculation ol the probability* 

for any value of 4, that the next instruction or operand reference after a reference 
to the instruction or operand at location & is to location A>$1« 



The calculation of probabilities for a set of values of d. requires the statistical analysis 
of large masses of real and simulated instruction sequences and data organizations. 

If it can be shown that the average expected data/instruction access time reduction (Over the range 1 to d.) 
Is statistically significant in comparislon to the fixed Main Store access timet thei the 
implementation of a Cache Store with block size _ Mill contribute a Significant improvement 
in performance. 



The results of such studies for the Hultics Processor with a Cache Store as described below 
show a hit probability ranging between AOX and 95'/. (depending on instruction mix and data 
organization) and a peformance improvement ranging up to. 30X. 



CACHE STORE ORGA NISATION 

The Cache Store Is Implemented as 2Qi*d 36-blt words of high speed register storage with 
associated control and content directory circuitry within 

the Processor. It Is fully integrated with the normal data path circuitry and is vl-tualfy Invisible 



to all programming sequences. 

Parity is generated* stored* and checked Just as in Main Sto-e. 

The total storage is divided Into 512 blocks of «♦ words each and the blocks are organized into 
128 "Columns" of four ''Levels" each. 
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Cache Store£Hain Store flapping 



Main Store is mapped into the Cache Store as described jelow and shown in Figura 9-1. 

■ Main Store is divided into ft blocks of k words each arranged in ascending arder and 
numbered with the value of Final Address bits 15 tnrough 21 of the first word of the bloc 

■ All Main Store blocks with numbers a modulo 128 are grouped assoc lat i vel y nith Cache Store 
Column jq» 

■ Each Cache Store Column may hold any four blocks ot the associated set of lain Store blocks. 

a Each Cache Store column has associated with it a four entry directory (one entry for each Lev 
and a two bit "roijnd robin" counter. 

Parity is generated* stored* and checked on each directory entry. 

tt A Cache Directory entry consists of a fifteen bit ADDRESS register, a pre-Set* two bit 
TAG or Level Number register and a level Full flag bit* 

■ When a Main Store block is loaded into a Cache Sto~e block at some Level i-i the 
associated Column* the Directory ADDRESS register for that Column and 

L.ivel is loaded with the Final AOdress bits 0 throjgh ih» 
(Level selection is discussed in Cache Store Control following.) 
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Figure 9-1 Main Store/Cache Store Mapping 
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C ache Store Addressing 



For a read operation* the 2<» bit Final Address prepared by the Appending Unit is presented 
simultaneously to the Cache Control and to the Main Store po»t selection circuitry. 
While port selection is being accomplished, the Cache Store is accessed as follows. 



a Final Address bits 15 through 21 are used to select a Cache Store Column. 

a Final Address bits 0 through l<» are matched assoc iat I ve I y against the four Directory ADDRESS 
registers for the selected Column. 

a It a match occurs for a Level whose Full flag is 0M« a hit is signalled, tae Main Store reference 
cycle is cancelled, and the TAG register Is read Ojt. 

a The TAG value and Final Address bits 22 and 23 are used to select the Level and Word In the selected 
Column and the Cache Store data is read out into trie data circuitry. 

a If no hit is signalled, the Main Store reference cycle proceeds and a Cache Store block load 
cycle is initiated (See Cache Store Control below). 



For a write operation, the 2*» bit Final Address prepared by the Appending Unit is presented 
simultaneously to the Cache Control and to the Main Store po 1 - 1 selection circuitry. 
While port selection is being accomplished* the Cache Store is accessed as follows. 



a Final Address bits 15 through 21 are used to select a Cache Store Column. 

a Final Address bits 0 through tk are matched assoc la t 1 ve I y against the four Directory ADDRESS 
registers J or the selected Column. 

a If a match occurs for a Level whose Full flag is 01, a hit Is signalled ani the TAG register is read out. 

a The TAG value and Final Address bits 22 and 23 are used to select the Level and Word in the selected 
Column, a Cache Store wrl're cycle Is enabled* and the data Is written 
to the Main Store and the Cache Store simultaneously* 

a It no hit Is signalled, the Main Store reference cycle proceeds with no further Cache Store action. 
CAQti£_iIflK£_C QNTRflL 

ELoab-iinq and Plsabl laa-Cacha Sraca 

The Cache Store is controlled by the state of several bits In the Cache 
Mode Register (See Section IV» Program Accessible Registers, for a discussion of the Cache Mode Register). 
The Cache Mode Register may be loaded with the Load Central Processor Register (LCPR) instruction. 
The Cache Store control bits are as follows! 



fell laJLu£ teflon 

18 0 The lower half of 

totally inactive. 
1 The lower halt of 



the Cache Store (Levels 0 and 1) is disabled and Is 
the Cache Store is active and enabled as per 



the state of bits 20 and 21* 
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19 



0 



1 



The upper half of the Cache Store (Levels 2 and 3) Is disabled and Is 
totally in4ctlve. 

the upper half of the Cache Store Is active and enabled as oer 
the state of bits 20 and 21* 



20 



0 
1 



The Cache Store (if active) is not jsed for Operands and Indirect Words* 
The Cache Store (if active) is used for Operands and Indirect Words. 



21 



0 
1 



The Cache Store fit active) is. qq! jsed for Instructions* 
The Cache Store (if active) is used for Instructions* 



23 



1 



0 



The Cache- to-Register mode is qo_1 It effect (See "Dumping tie Cache Store" 

following in this Section)* 

The Cache-to-Register mode is in effect. 



NOTE t 



The Cache Store option furnishes a switch panel maintenance aid that attacnes 



to the free edge of the Cache Store Control Logic Board. 

The switch panel provides six switches for manual control of the Cache Sto-e. 

Four of the switches inhibit tne control functions of bits ID through 21 of the Cache Mode Register 
and have the effect of forcing the corresponding fjnction to be disabled. 

The fifth switch inhibits the "store-aside" feature wherein the Processor is permitted to 
proceed immediately after the Cache Store write cycle on write operations without waiting 
for a data acknowledgement from Main Store. 
(There is no software control corresponding this Switch). 

The sixth switch forces the "enabled" condition on all Cache Store controls without regard 
to the corrspondlng Cache Mode Register control bit. 

There is no switch corrspondlng to the Cache- to-Real ster control bit. 

While these switches are Intended primarily for Maintenance sessions* they have been 
found useful in testing the Cache Store during normal operation and in peril ttlng 
operation of the Processor with the Cache Store In degraded or partially disabled mode. 



Ca che Storq Control in Segment Descr iptor Words 



Certain data have characteristics such that they should never be loaded into the Cache Store. 
Primary examples of such data are hardware mailboxes for the I/O Multiplexer* Bulk. Store Controller* etc.* 
-Status return words, and various dynamic system data base segments such as the Systea Segment Table and 
shared Directory Segments* 

In general* any data that is purposely modified by an agency external to the Processor 

with the intent to convey information to the Processor should never be loaded into Cache Store* 



Bit 57 of the Segment Descriptor Word Is used to reflect this property of "encash ab i 1 1 f y" for each segment 
(See Section V* Addressing — Segmentation and Paging* for a discussion of the Segment Descriptor Word). 
Zf the bit Is set ON* data from the segment may be loaded Into the Cache Store; It the bit is OFF * they may not. 



The cncachabl I ity property may be treated as permanent (e.g.* for hardware mailboxes) or dynamic 
(e.g.* certain shared data bases) by the operating system* The operating system Sets bit 57 ON or OFF as 
appropriate for the function to be performed on the segment. 



The Cache Store is loaded with data implicitly whenever a Cache Store Block Load is signalled 
(See the discussion of read operations in "Cache Store Addressing" above In this section). 
There is no explicit method or instruction to load data into the Cache Store. 
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When a Cache Store Block Load is signalled* the Level Is selected from the varus of the 
Round Robin Counter for the selected Column, and the Cache Store Write function is eiabled. 
(The Round Robin Counter contains the number of the least recently loaded Level.) 
When the data arrives from Main Store* it is written into the Cache Stortr and 
entered into the data circuitry. The Processor proceeds with the execution of the 
instruction requiring the operand if appropriate. 



When the Cache Store Write IS complete* further Address Preparation is inhibited* bit 22 of the 
Final Address is inverted* and a second Main Store access tor the other half of the blocK is made. When the 
second half data arrives from Main Store, I t is written into the Cache Store* 
Final Address bits 0 through 14 are loaded into the Directory ADDRESS Register* 
the Level Full flag is set ON, the Round Robin Counter is advanced by 1* and 
Address Preparation is permitted to proceed. 



If all four Level Full flags for a Column are set ON, a Column Full flag is also set ON and 
remains ON until one or more Levels in the Column are cleared* 



C learing the Cache Stor e 



. Cache Store can be cleared in txo ways; General Clear aid Selective Clear. 
The clearing action is the same in both cases* namely* the Fjll flags of the 
selected Column(s) and/or Level(s) are set OFF. 



GENERAL CLEAR 

The entire Cache Store is cleared by setting oil Column and Level Full flags to OFF in the following 
sltuationst 

■ Upper or lower Cache Storn or both becoming enabled by appropriate bits in the operand 

of a Load Central Processor Register (LCPRt instrus t ion. or by action of ths Logic Board free edge switches 

■ Execution of a Clear Associative Memory Segments f SAMS) instruction with, bit 15 of the address field 0 



SELECTIVE CLEAR 



The Cache Store is cleared selectively as follows! 

■ If a Read-and-Clear operation (LOAC, SZNC* etc.) results in a hit on the Cache Store* the 
Cache Store block hit is cleared. 



■ Execution of a Clear Associative Memory Pages (CAM?) with address bit 15 set ON causes 

Final Address bits 0 through Ik to be matched against ai | Cache Directory ADDRESS Registers. 
ALL Cache Store blocKs hit are cleared. 

n tjmnlno the Cacht? <jtore 

When the Cache-to-Register mode flag (bit 24 of the Cache Mode Register) is set ON, the Processor 
is forced to fetch the operands of all Double Precision Operations Unit Load operations from 
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the Cache Store. 

Final Address bits 0 through 1<* are ignored* Final Address bits 15 through 21 
select a Column, and Final address bits 22 and 23 select a Level. 

All other operations (e.g.* Instruction Fetches, Single Precision Operands, etc.) art 
treated normally. 



WARNING* Note that the phrase "treated normally** as used here Includes the case whe-e 

the Cache Store In enabled* If the Cache Store, is enabled, the "other** operations will 
cause normal BlocK Loads and Cache Store Writes thjs destroying the orglnat contents 
of the Cache Store. 

Ibfi Aisfir. is. naux&Ji lHal Lhz Caen* Store sinmlji bfi disabled hetare dmolna is at tamo ted* 

An indexed program loop involving the LOAQ and STAfJ instructions with the Cache-to-Register mode bit set ON 
Mill serve to dump any or ell of trie Cache Store* 

Note l It a Fault or Program interrupt should occur during the execution 

of a Cache Store dumping loop* the Cache- tb-Reg IS ter mode bit Mould seriously interfere with normal addres 

in the servicing ot Such Fault or Interrupt* Hence* the Cache- to-Reglster mode bit is reset 
automatically by any Fault or Program Interrupt. 

APPENOIX A 

OPERATION CODE MAP IBIT 27 * 0> 



Jlilil ILfll MZ Hi 



JULk. 



.MS JLUfi MZ—JLUL 



111 01? 013 Ql»* 015 

INDP 1 PULS1 I PULS2I ICIOC I I I 

I ILDQC IADL ILOAC I A3L A IA0UQ IA0LAQ1 



000 I IMME IDRL I IMME2 I MHE3 I I MME** 1 

020 I ADLXOi ADLX1 I AOLX2I A0LX31 AOLXM AOL X5 1 A0LX6J AOLX7I 1 ILUUC I AUL ILUAU JAJLA JAUUU IAULAUJ 

0<*0 IASX0 lASXl IASX2 I ASX 3 IASX<» IASX5 IASX6 I ASX7 I AOMP0 1 A 3WP1 I AOWP2 I ADWP3 f AOS I AS A 1ASQ ISSCR I 

060 1A0XQ t*LDjg.lAfl&2.-I&aiLi. 'flQiLk-iAa^-lA0X6 IAQX7-J l&dCA 1AHCQ. ILRE G 1. lAlA— i. 8 ™ ■ 
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100 
120 
140 
160 
200 
220 
240 
260 
300 
320 
340 
360 
400 
420 
440 
460 
500 
520 
540 
560 
600 
620 
640 
660 
7 00 
720 
740 
760 



iCMPX0ICMPXl!CMPX2lCMPX31CMPX41CMPX5lCMPX6ICMPX7l ICHL I I 1 1CMPA SCMPQ JCMPAQJ 

! SB LXO 1 SBLX1 ISBLX 21 SBL X3 SSBLX4 J 3BLX5 ! SBLX6 1 SBLX 71 till IS3LA ISBLQ IS8LAQ1 

JS3X0 JSSX1 1SSX2 SSSX3 1SSX4 ISSX5 JSSX6 ISSX7 1ADWP4J A3WP51 ADHP6 I ADWP71 SOBR IS5A ISSQ I J 

1SQXQ 1SBX1 ISBX2 1SB X3 1SBX4 ISBX5 ' SBX6 1SBX7 I I SdC A I SH CQ 1LPRI i i^ ^A 1SBQ ISBAQ 1 

1CNAX0 JCNAXUCNAX2JCNAX3 ICNAX41 CNAX51 CNAX61CNAX7I . IC«K IABSA 1EPAQ IS2NC 1C?<AA JCNAQ I CMAAQI 

1LDX0 ILDX1 1LBX2 IL0X3 JLDX4 1 LDX5 1L0X6 JLDX7 ILBAR IRSW ILDBR IRMCM iSZN ILDA ILDQ 1LDAQ I 

10RSXOiORSXllORSX210RSX3iORSX410RSX5!ORSX6lORSX7JSPBPQJSf»RIllSPBP2SSPRl31SPRI ItHSA JORSQ ILSDP I 

IORXQ iO RXl 10R X2 >QRX3 I0RX4 1Q RX5 1 0RX6 { ORX7 I TSPO 1TS P1 1 TSP 2 I TSP3 I 10 ? A 10RQ 10RAQ I 



iCANXQICANXt ICANX2ICANX31CANX4J CANX5J CANX6 
SLCXO 1LCX1 ILCX2 ILCX3 SLCX4 1 LC X5 1LCX6 
J ANSXOI ANSX1 1 ANSX 21 ANSX3 { ANSX41 ANSX5 J ANSX6 



I ANXQ t AN XI IANX2 1 

1 IMPF 1MPY J 

S 1 UFM ! 10UFH 

JSXLO 1SXL1 1 SXL2 1SXL3 

1 IE. MP i LO.F.flP 



1&4 J ANX5 1ANJ 
I 1CMG t 

1 IFCMG 1 

ISXL4 J SXL5 1-5XL6 

J I : J 



ICANX7 

:lcx7 

• ANSX 7 
N 

I 

1 OF CMC 
1SXL7 



JRPL I I I I J BCD 1DIV 
!RPT I I I ! IFOI I 
1 SPRPO I SPRP1 1 SPRP2I SPRP3 J SPRP41 SPRP5 I SPRP6 
1RP P \ \ I ! LED V I 



IDVF 
10FDI 
JSPRP7 
L DFD V 



1EAWP0 JEASPO 5 
1EAWP4J EASP4I 
IEPPO IEPBP1J 
±L£PJu-IE£fiP_ 
I J LDE t 

1FSZN IFLD 1 
ISTZ JSMIC 1 

1FST.R l£ifl I 

I l l 
1 INEG I 
1SBAR 1STBA ! 
] L_ I 



EAWP2 
EAWP6 
EPP2 
PP 



SCPR 
PFS TR 



1EASP21 
IEASP6I 
IEPBP31STAC 
PI 



tRSCR 
1DFLD 
1 

iQFEJL 



I 
I 

I STT 
J 



1CANA ICANQ 

ILCA 1LCQ 

IA1SA i ANSQ 

iH b .. 1ANQ 

i AQE 1 

J UFA 1 



tCANAQI 

:lcaq I 

ISTCO ! 
1 AN AQ 8 



i t 

IDUFA J 
IOFST ! 



CAMS 
STBQ 



SFNEG I 
INEGL t 
ISMCM ISTC1 
?ENQ ., 1 




ITZE JTNZ J TNC 1 TRC ITMI J TPL 1 I TTF 1RTCO I I IRCU I TEO 1TEU IDIS ITOV 1 
1EAXO SEAX1 IEAX2 JEAX3 1EAX4 IEAX5 1 EAX6 1EAX7 UET 1 1 JRCCL 1LOI 1EAA J EAQ ILOT 1 
! ERSXQ 1 ERSX1 ! ERSX 21 ERSX3 1 ERSX41 ERSX5 1 ERSX6 • ERSX71 SPRI41 SPBP5 1 SPRI6 1 SPBP71 STACQIE*SA 1ERSQ ISCU 1 
JLERXQ 1LRX1.1ERX2 1ERX3 1SRXA .1ERX5 1E&X6 L£SJLmS£fi-JLIi PS {T SP&-1TS P7 IvCPR LE&Q 1ERAQ-1 



ITSXO 1TSX1 1TSX2 1TSX3 1 TSX4 i TSX5 ! TSX6 ITSX7 I TRA I ! 

1LXL0 1LXL1 JLXL2 I LXL3 ILXL4 1LXL5 1 LXL6 1LXL7 1 I A*S I QRS 

JSTXO 5STX1 1STX2 JSTX3 1STX4 1STX5 1STX6 ISTX7 t STC2 1STCA I STCQ 

lLPRPD)LPRPllLPRP2IWPRP3aPKP4IL PR P5 H, P R P 6 1i. PR PJU IA1L,. L flRL 



i CALL6I 
ILRS I 
ISREG 1STI 
JJLR1 IMA. 



1TSS 1XEC 
1ALS !QLS 
ISTA 1STQ 
J&LR LfiLiL 



IXEO ! 
ILLS I 
ISTAQ 1 
JLLLB I 
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OPERATION CODE MAP I BIT 27 = 0) 







_OQi 


002 


003. 


OQfr 


, 005. 


006 


007 


, 010 


JLXL 


012. 








000 


1 


I 


1 


i 


I 


I 


I 


1 


1 1 




1 


! > 






020 


1MVE 


I 


I 


1 


1MVME 


I 


1 


I 


1 ! 




1 


1 






ni*Q 


i 


I 


1 


J 


1 


! 


1 


! 


! I 




1 


1 






160 


iCSL 


ICSR 


t 


J . .... 


iszii, 


-LSilR. 


I CURB. 


1 . , 


J ! 




1 


1 






100 


1 MLR 


1HRL 


l 


I 


j 


1 


JCMPC 


1 


1 ] 




I 


! 






120 


1 SCO 


ISCDR 




I 


JSCM 


ISC MR 


I 


1 


i i 




2 


1 






1*»G 


1 


1 


i 


1 


! 


1 


1 


I 


i 3 




I 


1 


SPTR ! 




160 


invt 


1 


1 


1 , . 


ITCT.., 


.IICIR. 


1 , 


I . 


1 i 




1 


1 LPTR 






200 


i 


1 


IA020 


IS320 


I 


I 


I MP 20 


IOV2D 


i i 




1 


1 






220 


• 


I 


J A03D 


ISB3D 


1 


1 


IMP3D 


I DV3D 


i i 




I LSOR 


t 






ZkO 


i 


1 


1 


1 


! 


i 


I 


1 


ISPBPOJ 


SPRI1 J SPBP2 1SPRI3J 


SSDR t 


1 ILPTP 1 


260 


i 


1 


J 


1 


1 


1 


I 


1 


1 1 




1 


.» 






300 


IMVN 


IBTD 


t 


ICMPN 


I 


IOTB 


1 


I 


IEASPU 


EA WPl I EASP3 J EAWP3 






320 


i 


1 


I 


J 


i 


1 


t 


1 


IEASP5I 


EA WP5 I EASP7 f EA WP7 






3<*0 


I 


i 


1 


1 


i 


I 


1 


! 


1EPBPQ 


EPP1 


1 EPBP2I EPP3 






360 


1 


I 


1 


JL 


1 ■ 


1 


I, .. 


1 


lEPBPiftEPP5 


1 EPBP6 1 EPP7 . 




1 J 1 


kQQ 


J 


i 


1 


1 


1 


1 


J 


! 


1 1 




I 


I 






£»20 


i 


i 


1 


1 




1 


1 


1 


t 1 




1 


! 






*»t»0 


1 


i 


I 


l SAREGI 


1 


I 


JSPL 


I ] 




I 


1 






t»60 


1 . 




J 


ILAREG1 


I 


.1 


.ILPU- 


i ! 




i 


! 






500 


* A9BD 


! A6BD 


t A<*8D 


I ABO 


1 


I 


1 


1 AND 


1 




! 


J 






520 


1S98D 


JS6B0 




ISBO 


1 


1 
• 


1 


1SWD 


I 




I CAMP 


1 






5^0 


i ARAQ 


tARAl 


IARA2 


1 ARA3 


1 ARAtf 


i ARA5 


J ARA6 


I ARA7 


J i 




J 


1 




1 ISPTP 1 


560 


8AARQ t AAR1 




1AAR3 lAARtf IAAR5 1AAR6 


1AAR7 


1 1 




1 


1 






600 


I TRTN 


ITRTF 


I 


1 


1 TMOZ 


J TPNZ 


J TTN 


t 


1 1 




1 


1 






620 


1 


1 


1 


1 


1 


1 


I 


1 


1 1 




I 


• 
• 






6^0 


J ARNO 


1 ARN1 


S ARN2 


I ARN3 


JARN<» 


i ARN5 


I ARN6 


1 ARN7 


ISPBP«» 


S^RIS ISP8P6ISPRI7 






660 


I NARQ 


INARl, 


INAR2 


IPS. 


\MM 


j.{ia.R5_ 


1.NAR6 


I NAR7 


I 




,1 


1 






700 


1 


I 


J 


1 


J 


I 


I 


1 


1 i 




1 


1 






720 


1 


1 


i 


1 


J 


I 


1 


1 


t i 




J 


1 






7t»0 


ISARO 


1SAR1 


1SAR2 


ISAR3 


ISARt* 


ISAR5 


JSAR6 


ISAR7 


I ! 




1 


J i 


SRA 1 




760 


1LARJL 


JUAR1 


ILAR2 


ILAR3 


iUARft 


-U.AR5. 


. 1UAR6 


1LAR7 


1 




1 


I 


LRA 1 


1 ! I 
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APPENDIX B 



ALPHABETIC OPERATION CODE LIST 



This appendix presents a list of all Processor instruction operation codes sorted on mnemonic and 
giving the octal operation code value, the instruction name, and the functional category- 



The function category codes are as follows! 



FXO 


Fixed Point 


BOOL 


Boolean Operations 


FLTG 


Floating Point 


PREG 


Pointer Register 


PRIV 


Pri vi leged 


MISC 


Hiscel laneous 


EIS 


Extended instruction Set 


TXFR 


Transfer of Control 



drejoanli; Cads Cateafltr,*. Haas 



A«*BD 


502(1) 


EIS 


Add 


'♦-bit Character Displacement 


A6BD 


501(1) 


EIS 


Add 


6-bit Character Displacement 


A9BD 


500 (1) 


EIS 


Add 


9-bit Character Displacement 


AARq 


56q(1) 


EIS 


Alphanumeric Descriptor to ARa 


ABD 


503(1) 


EIS 


Add 


Bit Displacement to AR 


ABSA 


212 (0) 


PRIV 


Absolute Address to A-Register 


AD2D 


202(1) 


EIS 


Add 


Using 2 Decimal Operands 


AD3D 


222(1) 


EIS 


Add 


Using 3 Decimal Operands 


ADA 


075 (0) 


FXO 


Add 


to A-Register 


AD AQ 


077(0) 


FXD 


Add 


to AQ>Register 


ADE 


*»15 (0) 


FLTG 


Add 


to E-Register 


ADL 


033(0) 


FXO 


Add 


Low to AQ.-Register 


ADLA 


035 (0) 


FXO 


Add 


Logical to A-Register 


ADLAQ 


037(0) 


FXD 


Add 


Logical to AQ-Register 


ADLQ 


036(0) 


FXD 


Add 


Logical to Q-Register 


AOLXfl 


02q(0) 


FXD 


Add 


Logical to Index fk 


ADQ 


076(0) 


FXD 


Add 


to Q-Register 


ADWPO 


050 (0) 


PREG. 


Add 


to Word Number Field of PRO 


ADWP1 


051(0) 


PREG 


Add 


to Word Number Field of PRi 


ADWP2 


052(0) 


PREG 


Add 


to Word Number Field of PR2 



ADWP3 


053 (0) 


PREG 


Add 


to 


Word 


Number 


Field 


of 


PR3 


AOWPt* 


150 (0) 


PREG 


Add 


to 


Word 


Number 


Field 


of 


PRh 


ADWP5 


151 (0) 


PREG 


Add 


to 


Word 


Number 


Field 


of 


PR5 


ADWP6 


152(0) 


PREG 


Add 


to 


Word 


Number 


Field 


of 


PR6 


ADWP7 


163(0) 


PREG 


Add 


to 


Word 


Number 


Field 


of 


PR7 
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AOXN 


DbNJ 0) 


FXO 


Ad (3 to Index fi 


ALR 


775(01 


FXD 


A-K* lister Left Rotate 


ALS 


735(0) 


FXO 


A-Renster Left Shift 


ANA 


375 t 01 


BOOL 


AMD to A-Register 


AN AQ 


3771 01 


BOOL 


AND to AQ-Register 


ANQ 


376 (0) 


800L 


AND to Q-Register 


ANSA 


355(0) 


BOOL 


ANO to Storage fro* A-Register 


ANSQ 


356 (0) 


BOOL 


AND to Storage from Q-RegiSter 


ANSXq 


3<»a ( 0 1 


BOOL 


AND to Storage froA Index n 


ANXq 


36&(0) 


BOOL 


AND to Index a 


AOS 


05MO) 


FXD 


Add One to Storage 


ARAa 


5^Qil) 


EIS 


ARn to Alphanumeric Descriptor 


ARL 


771(0) 


FXO 


A-Register Right Logical Shift 


ARNq 




EtS 


ARq to Numeric Descriptor 


ARS 


731 (0) 


FXO 


A-Register Right Shift 


ASA 


055(0) 


FXD 


Add Stored to A— Register 


ASQ 


058(0) 


FXD 


Add Stored to Q-Register 


Asxn 


04q(0I 


FXO 


Add Stored to Index a 


AWCA 


071 (0) 


FXO 


Add With Carry to A-Register 


AWCO 


072(0) 


FXD 


Add With Carry to Q-Register 


AWO 


507(1) 


EIS 


Add Word Di sol ar«i#n t to Aft 


BCD 


505(0) 


MISC 


8inary-to-BCD 


BTO 


301 (1) 


EIS 


Binary-to-Oecimal 


CALL 6 


713 (0) 


TXFR 


Call 


CAMP 


532 (1) 


PRIV 


Clear Associativa Memory Pages 


CAMS 


532(0) 


PRIV 


Clear Associative Memory Segments 


CANA 


315(0) 


BOOL 


Comparative AND with A-Register 


CANAQ 


317(0) 


BOOL 


Comparative AND With AO-Register 


CANQ 


316(0) 


BOOL 


Comparative AND with Q-Register 


CAMXn 


30Q(0) 


BOOL 


Comparative AMD with Index a 


CIOC 


015(d) 


PRIV 


Connect 


CMG 


«*05(0) 


FXD 


Compare Magnitude 


CMK 


211 (0) 


FXO 


Compare Masked 


CMPA 


115(0) 


FXD 


Compare with A-Register 


CMPAQ 


117(0) 


FXD 


Compare with AQ-Register 


CMPB 


066(1) 


EIS 


Compare Bit strings 


CMPC 


106(1) 


EIS 


Compare Alphanumeric Character Strings 


CMPN 


303(1) 


EIS 


Compare Numeric 


CHPQ 


116(0) 


FXO 


Compare with Q-Register 


CMPXfl 


10q(0) 


FXD 


Compare with Index n 


CNAA 


215(0) 


BOOL 


r ntnaarat i up NOT « 1 th A.Oaai efar 
win ^ai q i a w nw i iv&iii m rvcyiai er 


CNAAQ 


217(0) 


BOOL 


Comparative NOT with AQ-Register 


CNAQ 


216(0) 


BOOL 


Comparative NOT with Q-Register 


CNAXn 


20q(0) 


SOOL 


Comparative NOT with Index q 


CSL 


060 CD 


EIS 


Combine Bit Strings Left 


CSR 


060(1) 


EIS 


Combine 8 it Strings Right 


OWL 


111 (0) 


FXO 


Compare With Limits 


OF AO 


<»77(0) 


FLTG 


Double Precision Floating Add 



OFCMG 


<*27(0) 


FLTG 


Double 


Precision 


Floating 


Compare Magnitude 


DFCMP 


517(0) 


FLTG 


Doubl e 


Precision 


Floating 


Compare 


OFDI 


527(0) 


FLTG 


Double 


Precision 


Floating 


Divide Inverted 


DFOV 


567(0) 


FLTG 


Double 


Precision 


Floating 


Divide 


DFLD 


<»33(0) 


FLTG 


Ooub Je 


Precision 


FLoat ing 


Load 


OFMP 


<*63 ( 0 > 


FLTG 


Doubl e 


precision 


Floating 


Multiply 


DFRD 


<»73(0> 


FLTG 


Doubl e 


Precision 


Floating 


Round 
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DFSB 


5771 0) 


FLTG 


OFST 


*»57 { 0 ) 


FLTG 


OFSTR 


f*7Z ( 0 ) 


FLTG 


DIS 


616 CO) 


PRI V 


OIV 


506(0) 


FLTG 


DRL 


002(0) 


MISC 


OTB 


305(1) 


EIS 


OUFA 


<»37(0) 


FLTG 


OUFH 


kZZ ( 0 ) 


FLTG 


OUFS 


537 ( 0 ) 


FLTG 


0V20 


207(1) 


EIS 


0V30 


227(1) 


EIS 


OVF 


507 (0) 


FXO 


EAA 


635 ( 0 ) 


FXD 


EAQ 


636 (0) 


FXD 


EASPO 


311 ( 0 ) 


PREG 


EASPi 


310 (1) 


PREG 


EASP2 


313 (0) 


PREG 


EASP3 


312 ( 1) 


PREG 


EASP*» 


331 ( 0 ) 


PREG 


EASP5 


330(1) 


PREG 


EASP6 


333(0) 


PREG 



Double Precision Floating Subtract 
Double Precision Floating Store 
Double Precision Floating Store Rounded 
Oelay Until Interrupt Signal 
Divide Integer 

Derail 

Decimal-to-Binary Convert 

Double Precision Unnormal ized Floating Add 
Double Precision Unnormal ized Floating Multiply 
Double Precision Unnormal ized Floating Subtract 

Divide Using 2 Decimal Operands 
Divide Using 3 Decimal operands 
Divide Fraction 

Effective Address to A-Register 
Effective Address to Q-Reglster 



E f feet i ve 
Ef f ecti ve 
Ef feet i ve 
E f f ecti ve 
E f f ect i ve 



Address 
A ddress 
ft ddress 
A ddress 
A ddress 



to 
to 
to 
to 
to 



Segment 
Segment 
Segment 
Segment 
Segment 



Numbe- 
Numbe- 
Numbe* 
Number 
Numbe** 



Field 
Field 
Field 
Field 
Field 



of 
of 
of 
of 
of 



PRO 
PRI 
PR2 
PR3 
PR** 



Effective Address to Segment Numbe* Field of PR5 
Effective Address to Segment Numbe- Fiel 



B-3 



The Other Computer Company: 
Honeywell 



HONEYWELL INFORMATION SYSTEMS 



